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FRACTURES OF THE CALCANEUS 
A review of the literature and an analysis of different methods of treatment 
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ISBN 90 6062 501 3 
STELLINGEN 
De sociale verzekering opent voor degene die een uitkering ontvangt 
wegens arbeidsongeschiktheid geheel andere perspectieven dan voor dege­
ne die de uitkering geniet op grond van onvrijwillige werkloosheid. Dit 
Ieidt er toe dat een groot aantal werklozen en door werkloosheid bedreig­
den thans door ziekte arbeidsongeschikt worden en blijven. 
II 
Bij letsels van de wervelkolom in het thoracale en/of lumbale gebied zijn 
standaard rontgenopnamen in voorachterwaartse en dwarse richting on­
voldoende basis voor een oordeel over de stabiliteit van de wervelkolom. 
III 
De voorgestelde beperking van de pleziervaart op de Waddenzee wekt ten 
onrechte de indruk dat er daadwerkelijk maatregelen worden genomen 
tegen de milieuverstoringen in dat gebied. "Het is de hoogste tijd om de 
ware vervuilers en dus verstoorders van de Waddenzee op te sporen." 
L. BERENDS, 
Wadzorg, Jaarboek I 981 watersportvereniging "Lauwerszee". 
IV 
Elke geneeskundige handeling behoort in het belang van de patient te zijn 
en dient te worden voorafgegaan door zowel eenzorgvuldig geformuleerde 
indicatie, gebaseerd op slechts geneeskundige gronden, als door toestem­
ming van de patient. 
V 
De ziekte van Perthes behoort niet te worden gezien als een aandoening die 
een langdurige hospitalisatie met zich meebrengt. 

VI 
Een kind houdt niet op kind te zijn wanneer het patient wordt. 
prof dr w. TER HORST, 
Proeve van een orthopedagogisch theorieconcept, Kampen 1973. 
VII 
Prismatische brilleglazen hebben geen nuttige functie in de behandeling 
van dyslexie en leerproblemen. 
VIII 
Het van kracht worden van de Wet op dierproeven en de vermindering van 
gelden beschikbaar voor experimenteel onderzoek kan voor patienten van 
academische ziekenhuizen een accentverschuiving van patient naar proef­
persoon in een medisch experiment tot gevolg hebben. 
IX 
Wanneer amputatie vanwege een afwijking distaal van de femurcondylen 
is geindiceerd, verdient de exarticulatie in de knie serieus te worden over­
wogen. 
X 
Discriminatie in Nederland toont zich duidelijk in een coupeerverbod 
voor honden, terwijl de rituele circumcisie van onmondigen zelfs door het 
ziekenfonds wordt betaald. 
XI 
Effectieve versterking van het eerste echelon wordt bevorderd door in de 
practische opleiding tot basisarts ervaring in perifere ziekenhuizen op te 
nemen. 
XII 
"Aan de patient als mens heeft niemand een boodschap, daar zijn geen 
tarieven voor". 
prof dr J. C. M. HATTINGA VERSCHURE, 
Algemeen Dagblad, zaterdag 13 maart 1 982. 
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ERRATA 
p.22; 
Every mistake seems more stupid -
if made by another 
The calcaneal inclination angle (fig. 7F) is subtended by two lines originating at 
should be read as: 
The calcaneal inclination angle (fig. 8F) is subtended by two lines originating at 
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incidence of other lesions and the moment of the accident. One can derive the 
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To Jacqueline and Maril. 
INTRODUCTION 
A traumatic lesion of the foot, involving intra-articular fracture of the calcaneus, 
inflicts serious damage on the mechanics of posture and movement and conse­
quently may threaten the function of the individual as a whole. 
There is disagreement over the most effective form of therapy, witness the 
diversity of methods in current use. Fundamentally, however, the choice lies 
between the operative method and the conservative. During the last few decades 
evidence has accumulated to suggest that the former leads to more complications 
and longer periods of disability than the latter. Under present-day conditions in the 
Netherlands disability is to a large extent dependent on the subjective well-being 
of the patient. The latter is, therefore, an important factor in assessing recovery. 
Well documented data relating to 823 patients suffering solitary fractures of 
the calcaneus were assembled over the period 1970-75 by the accident division 
of the medical assessment service of the GAK *. They have been drawn upon 
freely in an attempt to resolve the controversy between the operative and conser­
vative methods of treatment by testing the following hypothesis: 
In patients suffering foot injuries involving an intra-articular fracture of the cal­
caneus, the nature of the recovery process is such that those treated conservatively 
are able to resume their work more quickly than those treated operatively. 
There is an extensive literature on this subject. In order to place the results of the 
present work in perspective it was considered useful first to review this literature 
in some detail. Chapters II, III and IV, therefore, deal with classification, mecha­
nism, epidemiology, symptomatology and diagnosis of fractures of the calca­
neus, together with the various methods of treatment. The results of the present 
investigation are presented in chapter V. 
• GAK: gemeenschappelijk administratiekantoor i.e. joint administration office 

I. ANATOMY 
In this chapter no attempt will be made to give a detailed account of the anatomy 
of the calcaneus and its relations. It is intended simply as an introduction to the 
following chapters in which a number of terms occurring therein will be discus­
sed. 
The calcaneus, or heelbone, is the largest and most posterior of the bones of the 
foot. In form it is an irregular three-dimensional oblong, and serves, among 
other things, as a lever for the muscles of the calf, which are attached to its 
posterior aspect. 
The upper or dorsal surface (fig. IA) may be divided into three parts: The 
posterior is rough, concave longitudinally and convex horizontally. It is covered 
with fibro-adipose tissue which stretches from the tendo calcanei to the art. 
subtalaris. The middle part carries the facies articularis talaris posterior, the 
bearing surface of the subtalar joint. It was to describe this part that 0ESTOT100 
introduced the term "thalamus", which has since found general acceptance in 
the literature of calcaneus fractures. The anterior part bears the facies 
articularis talaris anterior et media, which is separated from the posterior 
articular surface by a groove, the sulcus calcanei. This, together with a 
corresponding groove in the talus, forms the sinus tarsi. Situated within the 
sinus is the lig. talocalcaneum interosseum, with the lig. cervicis on its lateral 
side. The attachments of m. extensor digitorum brevis and Jig. bifurcatum are 
situated in front of facies articularis posterior. 
The medial surface (fig. 1B) is concave from its upper border both caudally 
and posteriorly. The sustentaculum tali arises from the upper surface of its 
anterior aspect. The upper border of this structure is formed by the facies arti­
cularis talaris media, while the sulcus tendinis m. flexoris hallucis longi consists 
of a groove in its under surface. 
The entire anterior surface (fig. 1 c) is occupied by facies articularis cuboidea, 
the articular surface of the calcaneo-cuboid joint. In the clinical literature this 
part is often described as the "process us anterior". 
The rough plantar surface (fig. ID) is limited posteriorly by the processus 
Fig. I RELEVANT ANATOMICAL STRUCTURES 
A. Dorsal surface; 
B. Medial surface; 
C. Anterior surface; 
D. Plantar surface; 
£. Lateral surface; 
F. Posterior surface. 
a. processus anterior; 
b. sustentaculum tali with facies articularis talaris media; 
c. thalamus with facies articularis talaris posterior; 
d. sulcus calcanei; 
e. trochlea peronaealis; 
f tuber calcanei; 
g. process us posterior; 
h. processus lateral is tuberis calcanei; 
i. processus medialis tuberis calcanei; 
j. facies articularis cuboidea; 
k. crista tuberis; 





lateralis and medialis tuberis calcanei, while more anteriorly the tuberculum 
anterius marks the attachment of lig. plantare longum. 
The lateral surface (fig. I£) is fairly flat. The trochlea peronaealis is situated 
on its anterior aspect, with the sulcus tendinis m. peronaei longi lying beneath it. 
Above the trochlea peronaealis there is a second groove for the tendon of 
m. peronaeus brevis. 
The tuber calcanei forms the posterior surface (fig. lF). The cranial border of 
the tuber calcanei is marked by a structure which, in the clinical literature, is 
termed the "processus posterior". It may be divided into three parts, of which 
the upper has a smooth surface and is separated from the Achilles tendon by a 
bursa and a small quantity of fatty tissue. The middle part is the largest. It is 
limited above by a groove, and below by a rough crest (crista tuberis) which 
forms the attachment for the Achilles tendon. The lower part is the weight 
bearing surface. 
Two anatomically separate, but functionally united joint spaces are situated 
between the talus and the calcaneus. This is termed the inferior ankle joint. 
The name art. subtalaris is usually reserved for the posterior joint space. In 
the anterior joint space (the art. talocalcaneonavicularis), the caput tali articu­
lates with the facies articularis talaris anterior and media, the os naviculare, 
and the lig. calcaneonaviculare plantare. This cartilage covered ligament, which 
runs from the anterior border of the sustentaculum tali to the plantar surface of 
the os naviculare, bridges the gap between calcaneus and os naviculare, thus 
forming the missing portion of the joint surface for the caput tali. 
A considerable amount of sliding and rotational movement is possible in the 
functional unit formed by art. subtalaris and art. talocalcaneonavicularis, so 
that the calcaneus together with os naviculare and the remainder of the unstressed 
foot can be displaced medially over the caput tali. This results in elevation of 
the medial border and depression of the lateral border of the foot and is termed 
inversion. The axis of rotation is the line joining the centres of curvature of the 
two joints in approximation, and runs anteriorly upwards and medially from the 
calcaneus, through the sinus tarsi, terminating medially above the neck of the 
talus. The oblique plane of the axis explains, in part, the adduction and slight 
plantar flexion of the foot which occurs during inversion. The movement of the 
calcaneus over the talus is associated with movement in art. tarsi transversa 
(Chopart's joint), thus augmenting the degree of displacement. The latter joint 
comprises art. talonavicularis and calcaneocuboidea; during inversion os 
naviculare rotates upon caput tali, while os cuboideum slides downwards 
and rotates in front of the calcaneus in the convex-concave art. calcaneo­
cuboidea. With the foot in plantar flexion the possible degree of inversion is 
increased still further, since, in this position, the narrow portion of the trochlea 
tali lies in the tibio-fibular fork, thus adding to the flexibility of the talus, so that 
3 
a greater capacity for adduction occurs on inversion. The opposite movement, 
which is more limited in extent, is termed eversion. 
Inversion is limited by the tension of the peroneal muscles and the tough 
lateral part of lig. talocalcaneum interosseum. The remaining tarsal interosseus 
ligaments play a less important role. Eversion is limited by the tension of 
tibiales anterior and posterior and Jig. deltoideum. 
The complex of movements described above as inversion and eversion applies 
to changes in position and shape of the foot when not carrying weight. When the 
foot is on the ground and bearing a load, the movements are modified in order 
to maintain plantigrade contact. The distal portion of the tarsus and metatarsus 
is either pronated or supinated relative to calcaneus and talus. The former move­
ment involves downward movement of the medial border and great toe towards 
the ground. Supination is its exact opposite, affording the lateral border more 
plantigrade contact. 
4 
II. CLASSIFICATION OF FRACTURES 
In general terms a classification may be defined as an orderly arrangement of 
information designed to aid a potential user in his work. However, any one of a 
number of criteria may be used as the basis of a given classification, and the 
choice will be influenced to some extent by the individual approach to the subject. 
The most useful classification to the clinician, for example, is one orientated 
towards prognosis and treatment. In preventive medicine, on the other hand, 
one based on causes and predisposing factors is more likely to find favour. 
Factors influencing the assessment of fractures: 
I. Those directly related to the lesions: damage to the bone (pa tho logical ana­
tomy, mechanics, physiology), damage to soft tissues (swelling, lacerations 
etc), and damage to the individual as a whole (phsychological and social 
consequences). 
II. Those indirectly related to the lesions: the accident (situation, type, the 
circumstances in which it occurred etc.), and the patient (age, occupation, 
medical and social status). 
In clinical practice pathological anatomy is the most important factor affecting 
prognosis and choice of therapy, so that a classification thus orientated is likely 
to be of most practical use. However, the other factors should not be ignored. 
When the various 'classifications of fractures of the calcaneus are compared it 
becomes clear that many of them cover common ground. The earliest, which were 
based on the fracture mechanism are essentially the same as the most recent, 
which emphasize the degree of involvement of the facies articularis talaris poste­
rior. The oldest classification of all is that of MALGAIGNE244 who was the first to 
distinguish between "fracture par ecrasement" and "fracture par arrachement". 
Previously only the latter had been recognised. This distinction between avulsion 
and crush fractures is not, however, confined to the early workers 100, 22 1• 277• 
388. WEBER's classification, proposed in 1974, is virtually identical407 . 
DESTOT100, subdivided "fractures par ecrasement" into those affecting the 
posterior, middle and anterior thirds of the calcaneus. He emphasised the impor-
5 
tance of fractures of the middle third, which he further subdivided into 4 cate­
gories, depending on the degree of crushing present. He also introduced the term 
"thalamus" to describe the middle third of the calcaneus which bears the facies 
articularis posterior. 
A classification still widely used in its original form is that of B6HLER3 8. This 
lays emphasis on the position and nature of the fracture in relation to the art. 
subtalaris. Fractures are divided into 8 categories, the first 3 being fractures 
of the processes, and the remaining 5 fractures of the body of the calcaneus. 
Practical considerations have led many workers to reduce BOHLER's detailed 
classification to 3 main categories in which greater emphasis is laid upon the 
posterior articular surface. This is usually called the WATSON-JONES classifica­
tion403, although in fact a number of other authors had already described it 
4· 3 3· 1 84. In general, the first category comprises extra-articular fractures, the 
second intra-articular fractures with little or no displacement, and the third intra­
articular fracture with marked displacement. The term "extra-articular" refers 
to fractures which do not involve the facies articularis talaris posterior. When the 
articular facet is involved, the term "intra-articular" is used. In 1955, WATSON­
JONES404 further reduced the number of categories to two : extra- and intra­
articular, thus following a trend already apparent from the literature1 1 1 · 1 3 5 · 
1 6 1 , 1 72. 246 
KRAMER207 originally subdivided fractures of the calcaneus into those with 
.slight and those with marked spreading of the heel, but later208 dissociated 
himself from any form of classification. 
ROWE et al.3 3 2, as well as a number of other authors 1 6 5· 294· 4 1 8  proposed 5 
categories of fracture, but paid little attention to the facies articularis posterior. 
In the comprehensive and highly detailed classification of PAITRE and BoPPE299 
the relationship of the fracture to the thalamus is central. They introduced the 
concepts of horizontalisation and verticalisation to describe the angular rotation 
of the thalamus which can result from impression. The classification of�Ex-Lo­
PRESTI 1 2 1 , WARRICK and BREMNER402, and PALMER'S description of the impres­
sion mechanism3 00 were all based on this work. The very detailed nature of 
both PAITRE and BoPPE'�299 and WARRICK and BREMNER's402 proposals limits 
their clinical usefulness; however. 1 That of EssEx-LoPRESTI1 2 1 suffers this dis­
advantage to a lesser degree. He divided fractures into two main groups : intra­
and extra-articular, introducing the term "tongue type" to describe verticalisa­
tion of the thalamus and "joint depression" to describe horizontalisation of the 
posterior-articular surface. 
6 
In the French literature fractures of the calcaneus are generally classified in one of 
two ways : 
I. classifications based on the fracture mechanism. Most of these distinguish 
between fractures resulting from compression, fractures resulting from shearing 
forces and fractures resulting from a combination of both93 • 3 6 5. 
I I. classification based on an analysis of the pathological anatomy 1 98• 2 7 5• 2 7 6 • 
299 
Both systems emphasize the importance of horizontalisation or verticalisation 
of the thalamus, an aspect which receives little or no attention in the German and 
American literature. 
OwvsoN2 95 , who possessed no pathological-anatomical data, based his 
classification on the time lapse between accident and resumption of work. He 
distinguished 3 categories, namely, patients who resumed work within 6 months 
of injury, those who resumed work within 6 months to 6 years, and those who 
were still unable to work after 6 years, which, in practice meant that they never 
fully returned to work at all. 
The basis of the classification used in the present investigation is derived from 
that of LINDSAY and DEWAR 2 3 6. They distinguish two types of calcaneus fracture, 
the extra-articular and the intra-articular, subdividing the latter into those with­
out, those wit� slight and those with severe deformity, their criterion being the 
tuber-joint angle. The classification employed in the present investigation also 
differentiates between intra- and extra-articular fractures and the degree of 
displacement involved. The reason for this is that both joint-surface damage 
and the degree of displacement have an important bearing on the prognosis of 
joint function 1 1 1  • 1 6 1 . The effects of any concomitant soft-tissue damage must 
also be considered when assessing this prognosis. 
The classification is as follows : 
I. extra-articular fracture without displacement 
II. extra-articular fracture with displacement 
III. intra-articular fracture without displacement 
IV. intra-articular fracture with moderate displacement 
V. intra-articular fracture with severe displacement 
For practical reasons, the distinction between categories IV and V is made with 
aid of the ceiling line (see p. 22). When the highest point of the facies articularis 
posterior lies above the ceiling line, the degree of dislocation is classified as 
moderate. This corresponds to a tuber-joint angle > 0 °. When this point lies 
on or below the ceiling line the degree of dislocation is classified as severe. This 
corresponds to a tuber-joint angle O 0 or less (i.e. negative angle). No distinction is 
made between verticalisation and horizontalisation of the thalamus. 
7 
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III. INTRA-ARTICULAR FRACTURES OF THE CALCANEUS 
Intra-articular fractures of the calcaneus, (categories III, IV, V, see p. 7) are 
usually the result of a fall. Three types may be distinguished, namely : fracture 
without displacement, crush fracture and fracture-dislocation. Of these the 
crush fracture is the most common. For this reason, the fracture mechanism, 
epidemiology, diagnosis and treatment of intra-articular crush fractures of the 
calcaneus will be discussed in some detail. 
CRUSH FRACTURES 
THE FRACTURE MECHANISM 
Fractures of the calcaneus can occur in many different ways. In principle, how­
ever, the mechanical stresses which cause most intra-articular fractures are the 
same. The calcaneus is, as it were, trapped between a striking surface and the 
talus, and is, as a result subjected to two opposing forces, the one exerted by the 
striking surface, and the other by the weight of the body, transmitted through the 
talus2 74. Clearly, therefore, a fall can, in this way, cause a fracture of the calcaneus. 
A similar pattern of forces may also be exerted by exploding landmines on the 
occupants of tanks and jeeps, or by submarine mines or torpedoes on persons on 
board ships97•  1 6 1 • DE BRUIN54 reported that a large number of people in an air 
raid shelter in Flushing * suffered fractures of the calcaneus when a direct 
hit by a bomb in the immediate vicinity projected the entire shelter violently 
upwards. Many authors assume a connection between the nature of the accident 
and the type of the resulting fracture : particular fracture lines are explained in 
terms of the position of the foot at the moment of injury and the direction of the 
applied force. 
The fracture mechanism may be investigated in a number of ways. One ap­
proach is to infer it from the position of the fracture line(s) and the nature of the 
• Vlissingen. 
9 
fracture. To this end use has been made of autopsy material, amputation prepara­
tions 1 6 1  • 22 1 • 244• 342, radiographic studies402 and per-operative findings300• 4 1  7 . 
With the exception of total fragmentations occurring, for instance, as the result 
of an explosion, it is possible to discern a definite pattern in the position of the 
fracture lines and the type of fracture. In practice one or more fracture lines are 
always distinguishable in a fracture of the calcaneus. In addition, crushing may 
be present in part of the bone. Usually the lateral fragment is affected, but occa­
sionally other fragments are similarly involved. In the French literature a frac­
ture which exhibits a plane of separation is termed "fracture-separation", and a 
crush-fracture "fracture-tassement" 1 1 0· 1 98• 3 8 3• 3 9 7 . As stated above, more 
than one plane of separation ("fracture-separation"), may be present. 
"Fracture-separation" may occur as an isolated phenomenon ; crushing of a 
calcaneus fragment does not. The Anglo-Saxon literature terms these types of 
fracture "primary" and "secondary" respectively1• 300. The basis of this nomen­
clature is the notion that the initial result of an impact on the calcaneus is 
"fracture-separation", which will be followed by a crush fracture if the causative 
stress has not already been dissipated. Fracture may thus occur in two phases, 
the primary splitting the calcaneus into two or more fragments, and the secondary 
crushing the thalamus which bears the facies articularis talaris posterior (fig. 2). 
It is generally accepted that shearing forces are the cause of primary fracture. 
These arise because the stresses exerted on the calcaneus by the talus and the 
striking surface are parallel to each other and not contiguous203 (fig. 3). The 
primary fracture runs from a point behind the sustentaculum tali posteromedially­
anterolaterally and splits the calcaneus into an anteromedial and a posterolateral 
fragment. Occasionally the fracture extends forwards, terminating in the facies 
Fig. 2 MECHANISM OF PRIMARY AND SECONDARY FRACTURES 
The fracture normally occurs in two phases, the primary splitting the calcaneus into two or more 
fragments, and the secondary crushing the thalamus which bears the facies articularis talaris 
posterior. 
8 UJ � 
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1 0  
Fig. 3 THE SHEARING MECHANISM CAUSING THE PRIMARY FRACTURE 
The shearing forces, of which the sites of impact are given, arise because the stress exerted on the 
calcaneus by the talus and the striking surface are parallel to each other and not contiguous. 
articularis cuboidea300• Although the direction of the fracture line is fairly 
constant, its position can vary. Depending on the stance of the foot at the time 
of injury, the fracture may extend in front of, through, or behind the facies arti­
cularis talaris posterior (fig. 4). If, at the moment of impact, the foot is in varus, the 
fracture line tends to run further forward than if it is in valgus. In most cases, 
however, the line passes through the centre of the posterior articular surface4 1 7 . 
If, at this stage, the force causing the fracture has dissipated, a non-dislocated 
and mostly intra-articular fracture will result. If the primary fracture does not 
dissipate the force, either crushing or dislocation of the postero-lateral fragment 
will ensue. (Dislocation of the postero-lateral fragment is a separate entity, and 
will, for the sake of clarity, be dealt with on page 39.) 
In a secondary fracture the postero-lateral fragment together with its portion 
of the facies articularis talaris posterior (which may be the entire articular surface) 
is crushed against the talus. As a result, this portion of the articular surface, which 
remains otherwise intact, is forced into the underlying medullary bone. The 
cortical bone situated lateral to the depressed joint surface may snap off and 
come to lie as a loose splinter beside the postero-lateral fragment. Frequently 
the tuber calcanei is also fragmented by the complex of fracture lines3 8 . When the 
crushing forces are dissipated the postero-lateral fragment may be further 
displaced, a process in which the Achilles tendon plays an important role. The 
antero-medial fragment is generally held in place by its surrounding liga­
ments244· 299. The end result of primary and secondary fracture is shortening, 
depression and spreading of the calcaneus. The impressed posterior joint surface 
1 1  
Fig. 4 POSITION OF THE PRIMARY FRACTURE IN RELATION TO THE FACIES ARTICULARIS 
TALARIS POSTERIOR 
may remain parallel to the facies articularis calcanei posterior, but in most cases 
either horizontalisation or verticalisation occurs 1 2 1 • 299• 300 . In the first, the joint 
depression type 1 2 1 , the secondary fracture is usually confined to the thalamus, 
while in the second, the tongue type1 2 1 , it more often extends beyond the posterior 
articular surface, and terminates in the tuber calcanei, causing the latter, some­
times, to gape posteriorly (fig. 5). 
The causes of calcaneus fracture may also be investigated experimentally. To 
this end a number of workers have utilized cadavers1 1 0• 205• 264, 297• 299, 308 , 342, 
3 8 7• 3 8 8
•
42 1 . This would appear a logical approach. However, as KULENKAMPFF2 1 0  
and later GROND1 50• 1 5 3 have shown, i t  is unwise to assume that data. obtained 
from experiments performed on cadavers are automatically applicable to the 
living subject. KULENKAMPFF2 10  introduced a "functional pathology" of the 
fracture mechanism. He classified fractures as follows : 
I. Mechanically explicable fractures : 
The applied force is so great and its point of impact so vulnerable that 
fracture occurs. 
II. Fatigue fractures: 
Forces which would normally be of no significance may cause fracture of 
bone already damaged by repeated small lesions. 
Ill. "Fehlleistungsknochenbriichen" : 
This is a term which is difficult to translate exactly. It implies that a 
skeletal structure, such as the foot, constitutes part of a functional system 
which, in order to function properly, require coordination. Thus it is 
perhaps best rendered as "fractures due to a failure of coordination". 
In KuLENKAMPFF's view most fractures fall into the last category. The bone is 
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Fig. 5 IMPRESSION OF THE PRIMARY FRACTURE IN RELATION TO THE FACIES ARTICULARIS 
TALARIS POSTERIOR 
A .  Parallel ; 
B. Horizontalisation ; 
C. Verticalisation. 
not subjected to a force so great that fracture is inevitable, nor so insignificant 
that pathological fracture must be suspected. It is the application of force at a 
moment when coordination of the system is poor which causes the bone to give 
way. Many sporting fractures probably fall into this category3 5 1 . In 1947 
GROND 1 50 referred to a series of 290.000 parachute jumps in which no calcaneus 
fracture and only one talus fracture occurred. Yet the force with which a para-
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chutist strikes the ground is equivalent to that resulting from a fall from a height 
of 3.5 meters. This is more than sufficient to cause calcaneal fracture, as was 
shown by BooE3 3 . Of a series of 230 calcaneal fractures, 96. l % occurred as the 
result of a fall the average height of which was 3.2 meters. The remarkable freedom 
from similar fractures enjoyed by parachutists is due to their good coordination, 
which results from skilled instruction in the technique of falling : "Ead dahn, 
shoulders rahnd, Elbows in, an' watch the grahnd. "* Thus it is conceivable that, 
in addition to mechanical force, the "Fehlleistung" aspect is an important com­
ponent of the fracture mechanism. It is also clear that it is an aspect that cannot 
be investigated adequately by means of experiments on cadavers, since, in the 
latter, there is a total absence of coordination. 
Most authors now accept that shearing forces (see p. 9) are a causative 
factor in primary fracture of the calcaneus. Only EssEx-L0PRESTI 1 2 1  maintains 
that the primary fracture is caused by direct force alone acting through the 
processus lateralis tali. 
There is also a third force, distinct from the weight of the body and the opposing 
reaction of the striking surface, which may have a bearing on the position and type 
of fracture. The talus bears excentrically on the calcaneus, so that the long axis of 
the leg passes medial to its midsagittal plane (fig. 6). Thus the calcaneus tends to 
valgus. The talus is supported on its medial side by the sustentaculum tali, rein­
forced by the tendon of the flexor hallucis longus, which passes beneath it and, in 
the intact foot, counteracts the valgus tendency of the calcaneus3 7 6. A fall on the 
foot generates forces which markedly increase this tendency, and should the tendon 
of flexor hallucis longus offer insufficient support to the calcaneus, the latter will 
be forced into valgus. Primary fracture follows as a result of the strength and 
direction of the applied force, and should this not be dissipated in the initial 
trauma, the lateral aspect is compressed against the talus, resulting in secondary 
fracture. On the other hand, should the support offered by the tendon of flexor 
hallucis longus prove sufficient, the resulting shearing force, pivoting on the 
tendon and the sustentaculum tali, causes "fracture-separation", through, or 
lateral to, the sulcus. Once this has occurred, there is no further resistance to the 
valgus tendency of the calcaneus. The bone is forced into valgus, so that the shear­
ing force thus developed results in a second fracture-separation through or in the 
immediate vicinity of the posterior articular surface. Yet another possibility is 
displacement of the lateral fracture fragment under the lateral malleolus as a 
consequence of the initial fracture-separation. This fragment then lies in varus 
(see fracture-dislocation, p. 39). 
• i.e.: "Head down, shoulders round, Elbows in and watch the ground". 
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Fig. 6 THE LONG AXIS OF THE LEG IN RELATION TO THE CALCANEUS (SECTION AT THE MID­
TALAR LEVEL) 
In addition to the causative force, the relative positions of talus and calcaneus 
at the moment of impact have a bearing on the position and type of fracture which 
may ensue. This applies not only to the primary and secondary fractures them­
selves, but also to the position of the calcaneus immediately after injury. 
A markedly everted foot lies in dorsiflexion and abduction. The calcaneus is 
in valgus. The talo-calcaneal angle is increased. When fracture occurs as a result 
of an impact in this position, the primary fracture is localised postero-laterally, 
and involves principally the posterior articular surface. Verticalisation of the 
lateral part of the thalamus occurs. In the lateral X-ray view, the so-called "double 
contour" of the thalamus is often visible. The axial view shows the calcaneus in 
valgus. In a markedly inverted foot, on the other hand, the calcaneus lies in varus, 
and the talo-calcaneal angle is reduced. The primary fracture line now lies more 
antero-medially, and in the majority of such injuries the entire posterior articular 
surface is horizontalised. Falls in this position are likely to lead to fracture­
dislocation. 
EPIDEMIOLOGY 
Calcaneal fractures occur most commonly because ofa fall, often as a consequence 
of an industrial accident. They are most frequent in middle age and more so in 
men than in women. More than 80 % are intra-articular. The incidence of right 
and left sided fractures is about equal, while almost 50 % of patients suffer 
bilateral or subsidiary fractures. The fracture is seldom compound. 
Before the development of radiography the incidence was less than 0. 1 % of all 
diagnosed fractures342 • 399 • Thereafter it increased to I to 2 % 1 5 2• 1 5 3 • 2 64• 295•  
3 06• 388• 3 99• Even so it is likely that this type of fracture occurs more often than 
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it is diagnosed3 2 5. More than 80 % are intra-articular7 · 3 3 · 49 · 1 98· 330· 365. 50 to 
80 % suffer some degree of displacement3 3 · 49· 330. Compound calcaneal fractures 
are rare ; the reported incidence varies between I and 4 % 88· 1 98- 286, 295. 
Heel bones which are or have been broken are extremely rare among neolithic, 
bronze and stone age peoples. Only when large buildings (churches, castles, 
monasteries) began to appear in Europe, did this type of injury begin to occur 
in any numbers408. This is of course explicable in terms of the increased risk of 
falling from a considerable height, although one is inclined to wonder to what 
extent spongy bone tissue has survived from prehistoric times. In 75 to 95 % 
falls are the cause of the fracture3 3· 1 24· 1 73 . 64 % resulted from falls from ladders 
or scaffolding295 . Thus, it has come to be regarded as a typical building worker's 
injury3 3· 342. Although 7 to 9 % of fractures are reported as a result of suicide 
attempts2· 268. The height of the fall varies between 0.5 and I O  m33 · 1 98· 295· 387 
with a mean of 3.2 to 4.3 m. The majority, however, occur as a result of falls of 
1 .5 to 3 m295. Intra-articular crush fractures, apparently, only occur after falls 
of more than 2 m 1 85 and then only when the victim lands on a hard surface2 36. 
Similar injuries occur as a consequence of underwater- or land mine explosions, 
falling lifts, or blows to the thigh when the knee is hent. Direct injuries can be 
expected after road traffic accidents. A different mechanism is the cause of frac­
tures of the processus anterior of the calcaneus ; these generally result from 
distorsion traumata. Fractures through the dorso-cranial part of the tuber cal­
canei have been described as the result of a fall, the application of direct force, and 
avulsion of the Achilles tendon. 
Since calcaneal fractures generally result from a fall, the greatest incidence is 
to be expected where the risk of a fall is high. Not only people working on ladders 
or scaffolding are at risk, moreover. Accidents in the home are also a recognised 
cause. Industrial accidents are responsible for between 67 and 79 % of calcaneal 
fractures88 · 1 57· 1 74· 268. A lower percentage is accompanied by a correspondingly 
greater incidence of accidents at home : industrial 45 % and domestic 34 %265, 
industrial 57 %, domestic 28 % 1 98 . This apparent variation in respective in­
cidences results from variations in the percentages of the different series engaged 
in regular employment. Sporting accidents account for only I to 2 % and road 
traffic accidents for 8 to 1 1  % of the total 1 9 8· 265 . 
Social conventions account for the fact that, at least up to the present day, 
more men than women are placed in situations carrying a high risk of falling 
so that the incidence of calcaneal fractures among men accounts for 80 to 90 % 
of the tota12 1 , so, 8 8, 1 13 , 1 14, 1 98, 2 36, 268, 216, 286, 436_ 
Two not entirely convincing explanations for the localisation of calcaneal 
fractures are based on the notion that in general neuromuscular coordination 
is superior on the right3 3 • If true, then there should either be more left sided 
fractures due to the poorer coordination or, alternatively, more right sided 
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fractures as a consequence of the automatic preference given to the right for 
support and protection, in which case it would be required to absorb the greater 
stress. Higher incidences of both right sided3 3  and left sided2 86• 4 36 fractures 
have, indeed, been reported. But there is no clear difference in incidence of right 
or left sided fractures to be found in the literature as a whole168• 1 7 3 • 2 36• 2 7 6 • 
Bilateral calcaneal fractures are frequent ( 12-18 %)2 • 2 9 • 50- 88• 1 2 4• 198 • 2 7 6 , 436 • 
The two fractures may be of different types. 
Subsidiary fractures (which include all fractures except contralateral calcaneal 
fracture) are common (30--44 %) 2 1• 1 2 4• 17 3 • 1 98• 2 12 · 2 68• 286 . One of the most 
frequent is crush fracture of the lumbar vertebrae ( I O  %) 138• 1 98· 286• 4 3 2 . In 
addition ipsi- or contralateral fractures of other components of the bony struc­
ture of the foot, fractures of the leg or thigh, fractures of the pelvis, fractures of 
the arm, traumata to the skull occur singly or in multiple. The "fractures-etagees" 
of the affected leg, which may be regarded as a kind of chain reaction, is a typical 
example of multiple subsidiary fracture 1 98 . These subsidiary injuries are often 
much more serious than the calcaneal fracture itself2 1 2 • 
Most calcaneal fractures occur in the age-group 30-60, with a mean of 45-49 
years in men2 1 • 1 98 • 2 76 and 54 years in women 3 8 7. They may occur at any age, 
but are infrequently reported in patients under 1 5  years old, most probably 
because the foot of a child is more flexible, and because children are not subjected 
to the same industrial risks as adults393 . Nevertheless calcaneal fractures have 
been reported in children varying in age between 1 . 5  and 12 years2 54 • 32 5 · 384. 
DIAGNOSIS AND SYMPTOMATOLOGY 
Symptomatology 
Calcaneal fracture should always be excluded in a foot injury, especially when it is 
known to be the results of a fall or the consequence of a shear-stress. 
The patient complains of pain that is too severe to allow him to bear weight 
on the affected foot. The pain is frequently localised under the lateral malleolus. 
On examination the heel appears swollen and deformed 156. The swelling is dif­
fuse and localised mainly on the posterior aspect of the foot, with filling of the 
grooves on either side of the Achilles tendon. When dislocation has occurred 
compression and spreading of the heel is often to be seen. The arch of the foot 
may also be reduced or abolished. The heel is commonly in valgus. In addition to 
bruising under the medial and lateral malleoli, a characteristic bruise under the 
sole of the foot, Mondor's sign, develops several hours after injury 1 98• However, 
bruising and swelling are more obvious after spraining of the ankle than after a 
fracture of the calcaneus. Pronation and supination of the foot is painful and 
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markedly limited. Traumatic deformity and pain also restrict the function of the 
superior ankle joint. The entire calcaneus is tender ; this sign is best elicited by 
means of gentle compression of the heel between the thumb and forefinger 1 7 5 . 
NORRIS in 1839290 described the presence of crepitation as pathognomic. This 
sign which is in any case difficult to elicit from a calcaneal fracture, should not be 
actively sought. 
Radiography 
Radiography is indispensable to the differential diagnosis of fracture of the 
calcaneus from fractures or sprains of the ankle. In addition, it plays an im­
portant role in establishing the presence or absence of an intra-articular compo­
nent. The usual projections are the lateral, the axial, the oblique and the dorso­
plantar. Many workers recommend the lateral and axial views most strongly 
37. 206. 266. 299. 403 . Others prefer the oblique 9, 49. 1 60. 202. 2 80, 3 2 9. 42 8 . The dorso-
plantar view is advisable when involvement of Chopart's joint is suspected 
38. l 7 5e .o  
For the lateral projection (fig. 7 A), the foot is placed with its lateral side resting 
on the X-ray plate. The radiation beam is focussed perpendicularly to it, on a 
point about I ,  cm under the medial malleolus (FFD = 1 00/ 105 cm). This view 
shows the body of the calcaneus, the art. subtalaris, the processus anterior, 
the art. calcaneocuboidea and the art. talocalcaneonaviculare. The tuber-joint 
angle and the ceiling line can also be determined from this film (see below). The 
sustentaculum tali is projected as an oval shadow on the body of the calcaneus. 
However, if the foot is allowed to invert, the art. subtalaris is overshadowed 
by the sustentaculum tali7 · 1 2 1 . 424 . A double contour on the posterior articular 
surface indicates a sagittal fracture running through the joint ; this step-formation 
is caused by the lateral fragment lying more distally than the medial 1 7  5 . 
For the axial projection (fig. 7 B), the patient lies on his back with his heel on the 
X-ray plate, and the ankle in maximal dorsi-flexion. This position is maintained 
by passing a bandage or some similar material under the ball of the foot, and 
requesting the patient to pull firmly on the ends. The radiation beam is focussed 
at an angle of 45° to the horizontal on the sole of the foot. The film should be 
overexposed in order to obtain a good view of the subtalar joint space. The 
quality of the film is dependent on the amount of (over)exposure and the degree 
of dorsiflexion of which the patient is capable 1 7 5 . PAITRE and BoPPE299 called this 
view the "vertical retro-tibial" pointing out that, since the calcaneus is not 
irradiated along its long axis, the term "axial" is a misnomer. Sagittal fracture 
lines, fractures of the sustentaculum tali and the processus medialis tuberis, 
step-forming of the posterior articular surface, shortening, spreading and 
positional deformities of the tuber will all, when present, be visible on the film. 
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Fig. 7 RADIOGRAPHIC PROJECTIONS OF THE CALCANEUS 
A. Lateral view ; 
B. Axial view ; 
C. Oblique view ; 
D. Dorsoplantar view. 




For ANTHONSEN's oblique projection9 (fig. 7c) the foot is placed in dorsiflexion 
with its lateral side on the X-ray plate. The radiation beam is focussed at angles of 
25 ° cranio-caudally and 30 ° dorso-ventrally, immediately below the medial 
malleolus (FFD = 25-30 cm). This oblique projection transects the posterior 
and medial articular surfaces tangentially, and runs in the long axis of the sulcus 
calcanei49 . Disturbances of congruence which may occur in fracture or arthrosis, 
are thus rendered visible. 
The oblique view is also used to project the tip of the processus anterior without 
interference from the shadows of other structures 1 7 5• 1 8 2 • 2 9 9 . The patient is 
placed with the medial side of the sole of his foot on the X-ray plate. The radiation 
beam should strike the plate perpendicularly, and is focussed on the processus 
anterior, which lies 4.5 cm in front of and 2.5 cm below the tip of the lateral malleo-
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lus. Various other oblique projections have also been described5 1  • 1 60• 1 82• 280. 
For the dorso-plantar projection (fig. 7D), the foot is placed flat on the X-ray 
plate. The radiation beam is focussed on the art. calcaneocuboidea. This 
view shows the processus anterior and Chopart's joint. PAITRE and 8oPPE299 
called it the "vertical pre-tibial" projection. 
Tomography has received little attention in the literature89· 305 . It has little 
more to offer than conventional radiography in the diagnosis of acute calcaneal 
fracture365 . It is, at the time of writing, too early to say whether the same holds 
for computer _assisted tomography. Sagittal tomograms, however, are essential 
in the evaluation of consolidation following arthrodesis 1 7  5 since the plain X-ray 
is often difficult to interpret properly. 
Special radiographic techniques, such as arthrography of the art. 
talocalcaneonavicularis 193 and the art. subtalaris267, tenography of the 
peroneus tendons 104• 324, and films of the weight-bearing foot in various 
positions 73• 3 56 are useful in diagnosing residual abnormalities after fracture of 
the calcaneus. 
Extensive radiography is only justifiable when it has therapeutic consequences. 
In most cases, lateral and axial views of both the injured and the uninjured foot 
will be sufficient to establish a correct diagnosis of the fracture. As various 
authors point out, the total injury is often much more extensive than the X-ray 
film alone might lead one to believe5 5• 3oo. 3 1 6- 3 5 3 . 
The tuber-joint angle 
The tuber-joint angle (fig. 8A) is the complementary angle subtended on the 
lateral radiograph by two lines joining the highest point on the facies articularis 
talaris posterior to the highest point on the tip of the processus anterior and the 
tip of the tuber calcanei respectively. In order to be able to measure it correctly, 
radiography must be performed with the radiation beam perpendicular to the 
plate, and impinging upon it parallel to the sagittal plane of the calcaneus. Syno­
nyms for this angle, which was first described by BC>HLER38, are : BC>HLER's angle, 
salient angle343 and critical angle. It is usually used to determine whether 
and to whaJ extent impression of the posterior articular surface has occurred. 
The tuber-joint angle is derived from a three-point measurement and its size 
will depend on the (pathological) anatomy of the skeleton of the foot and its 
projection. The latter may lead to the measurement of an abnormal angle in the 
intact foot and, conversely a normal angle in the presence of calcaneal fracture. 
This point is often insufficiently appreciated and changes in the tuber-joint 
angle have been misinterpreted or overestimated in their significance. In the 
intact foot it is not possible to determine the exact sagittal plane of the calcaneus 
in which the tuber-joint angle should be measured. On the other hand, the ana-
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Fig. 8 ANGLES AND LINES USED IN ASSESSING FRACTURES OF THE CALCANEUS 
A. Tuber-joint angle; 
B. Ceiling line ; 
C. Cervico-tuberosity line; 
D. Crucial angle ; 
£. Calcaneal inclination angle;  
F. Tatar facet angle. 
For the explanation see p. 20 and following. 
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tomical relationships may be so distorted by a calcaneal fracture that its sagittal 
plane and, therefore, the tuber-joint angle, can no longer be determined 1 52. 
HAUSER and KROEKER 1 64 published the most detailed data on the tuber-joint 
angle. Their ranges were 22-40° ; mean 32 ° ; mean difference between the two 
feet 3° (variation 3°). With one exception232, all authors agree on the upper limit 
of 40 0, but the lower is disputed ( I 0-35 0) 1 . 3B . 99. 1 63 . 1 64. 2 1 6. 2 3 s. 3oo. 3o6 _ The 
tuber-joint angle is greater than normal in children, and in the presence of 
pes cavus, and less than normal in pes planus 1 6 3  and in the presence of Haglund's 
exostosis. It is reduced by supination, and increased by pronation2 3 5. 
When fracture of the calcaneus has occurred, the tuber-joint angle is used to 
determine the degree of thalamus impression and to assess the results of reduc­
tion2 · 3 7· 38· 265 · 2 84· 300· 409· 4 1 3 · 430. Functional recovery has been associated 
with restoration to normal of the tuber-joint angle3 6 3 · 4 1 5 · 430, but most workers 
have found that restoration of the angle is quite unrelated to the functional result 
23. 1 45. 233 . 330 . 369. 3 96 
Almost all reports make some reference to the tuber-joint angle, but a number 
of other angles and lines which are claimed to offer information about the ana­
tomical relationships in the foot after fracture of the calcaneus, have also been 
described : 
The ceiling line (fig. 8B) joins the tips of the tuber and the processus anterior. 
When the tuber-joint angle is 0° , its constituent lines both lie in the same plane. 
The resulting line is the ceiling line424. 
The crucial angle (fig. 8c) is subtended by two lines joining the base of sinus 
tarsi to, respectively, the posterior margin and the upper anterior edge of the 
talus 1 63. 
The cervico-tuberosity line (fig. 8D) joins the tip of the tuber and the neck of 
the talus. In the intact calcaneus the upper pole of the thalamus always lies 
above it. When fracture occurs involving depression of the thalamus, its upper 
pole is forced below it5'l· 6 1 . 
The talarfacet angle (fig. 8E)is subtended at the point where a line running from 
the tip of the posterior articular surface of the talus in the plane of the joint 
surface, crosses a line joining the ca put tali and the processus lateralis tali. After 
impression fracture in children, the surface area of the talus appears to compensate 
for the deficit in the subtalar joint. There is then an inverse relationship between 
the tuber-joint angle and the talar facet angle ; the sum of the two is thus constant 
whether the foot is damaged or not3 84. 
The calcaneal inclination angle (fig. 7F) is subtended by two lines originating at 
the lowest point on the calcaneus, the one joining it to the head of the 5th metatarsal 
and the other with the highest point on the processus anterior. It is to a large extent 
dependent on the stance of the foot. It correlates poorly with the tuber-joint 
angle in the intact foot 1 64. 
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The ceiling line has been employed in the fracture classification developed 
for the present investigation. It provides an admittedly rough but nonetheless 
reasonably reliable measure of the degree of horizontal impression of the posterior 
articular surface in cases where this deformity occurs. The tuber-joint angle, 
expressed in degrees, gives an appearance of precision which may, in fact, be 
misleading ; this objection does not apply to the ceiling-line. In the present work, 
compression fractures in which the tip of the posterior articular surface lies 
above the ceiling line are classified as moderate, while those in which the same 
point lies under it are classified as severe. 
TREATMENT 
In this section the various conservative and operative methods of treatment will 
be discussed. The former under the headings functional method, plaster of 
Paris, closed reduction, pin-traction, and the latter under instrumental reduction, 
open reduction and primary, postprimary and secundary arthrodesis. 
The.functional method 
The functional method attempts to promote recovery of damaged tissues and 
maintain the function of the healthy by means of early active physiotherapy, 
and accepts that the shape and position of the fractured calcaneus may well be 
abnormal. Originally it was defended on the grounds that the normal structure 
of the calcaneus could never be restored. More recently it has been stressed 
that the soft tissues were the most important structures in functional restoration 
of the injured foot. 
The idea behind functional therapy is not new. In 1847 MALGAIGNE245 wrote 
that no attempt should be made to correct the shape of the calcaneus. Once the 
swelling had subsided, the patient was mobilised with an iron and two crutches. 
Exercising the foot, in order to prevent stiffening of the joints, was commenced 
after 45 days. At the end of the second month the foot was allowed to bear weight ; 
depression of the heel was compensated by means of a specially raised shoe. In 
I 908 TIETZE3 8 8  treated fractures of the calcaneus in an almost identical way, 
but he commenced massage and active physiotherapy after only I O  to 14 days. 
BANKART20 considered that the results of bed rest with massage and early physio­
therapy were far superior to those achieved by reduction of the fracture and 
immobilisation in a plaster cast, but for him the treatment of choice was primary 
triple arthrodesis, since, in his view, arthrosis was sooner or later inevitable no 
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matter what course of therapy was followed. Later, good results with the func­
tional method were reported, first from England3 2 6 , thereafter from Germany4 1 1 , 
Canada and the United States85 · 86 · 332 , Scandinavia2 9 , France82 , and most 
recently, also from Holland249. 
Originally, functional therapy was a last-ditch method for the old or for those 
with pre-existing abnormalities of the lower extremities2 8. It was the disappoin­
ting results of existing methods of treatment5 0· 1 74 and the increasing realisation 
of the importance of the role of the soft tissues in fractures of the calcaneus 
which broadened the indications for functional therapy. 
The most important arguments advanced in its favour are : 
a. The stimulation ofresorption of oedema and fracture haematoma, and, thereby, 
the reduction of the risk of fibrosis and the formation of adhaesions8 5· 2 1 2 . 
b. The prevention of Siideck's dystrophy2 7 5 · 2 76. 
c. Functional recovery of the inferior ankle joint, insofar as the discongruence of 
the joint surface permits52 · 6 5 · 2 1 2 · 407 . 
d. Prevention of loss of function in the neighbouring joints407 . 
e. The remodelling effect which movement imparts to recovering cartilage2 1 2 · 30 1 . 
Many proponents of functional therapy consider the method suitable for all 
forms of intra-articular calcaneal fractures28 . 85. 86. 1 24 . 1 74. 208. 294. 30 1 .  332. 
3 8 7 · 407 . A few limit their spectrum of indications to fractures where operation is 
contraindicated and where little or no displacement has occurred29· 65 · 2 7 2 . 
Others except fractures with vertical compression because, in their experience, 
the results offunctional therapy are so poor that operation offers the only reason­
able form of treatment2 59· 303· 32 2 . 
Functional therapy aims to limit the residual functional abnormalities result­
ing from fracture of the calcaneus to a minimum, by instituting early active 
physiotherapy of the lower limb, thereby attaching little importance to the 
structure of the broken bone. The injured limb is raised and the patient is 
encouraged to move the foot almost from the first possible moment after the 
accident 1 24· 301 · 334· 341  on the grounds that, in addition to gravity, the pumping 
effect of the calf-musculature helps to reduce swelling. The patient can be 
helped to exercise his foot himself by means of a specially constructed 
sprungpedal 1 74· 334. Closed reduction of the spread heel is carried out in cases 
of extensive comminution85 · 294· 407, the criterion being axis-deviation of more 
than 1 5° and lateral spreading of more than 0.75 cm28· 3 1 0. 
By its nature, functional therapy gives a poor anatomical result. Permanent 
lowering of the calcaneus and displacement of the tuber are distinct possibilities, 
which, in their form may lead to shortening of the Achilles tendon and the limita­
tion of the range of movement as a result of the reduction in distance between the 
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tibia and the calcaneus6 5 . In addition, arthrosis may occur in all intra-articular 
fractures3 22. The residual functional anomalies, as a rule, consist of limitation 
of pro- and supination, and of plantar flexion. Remarkably, however, there is 
no apparent correlation between the degree of impression and the functional 
result. Lateral spreading of the calcaneus is often unnoticeable and should have 
no effect on function or the ability to wear any kind of shoe334. Reduction of the 
spreading by means of a calcaneus clamp may actually worsen the situation50. 
Apart from its favourable results3 8 7  and its relative simplicity208, the principal 
advantages claimed for the functional method are that limitation of movement 
at work occurs seldom, and few patients are compelled to seek alternative em­
ployment as a consequence of their accident50 . 
Plaster of Paris 
Besides serving as an adjunct to manual, mechanical, instrumental and operative 
reduction, with or without arthrodesis, plaster is in itself a recognised 
form of treatment of intra-articular calcaneus fracture. The procedure is as 
follows : after any necessary manual remodelling of the heel a circular plaster is 
applied to the entire lower limb below the knee. The foot should be pointed and 
the heel padded with foam rubber. Additional foam rubber is placed under the 
metatarsals to provide a walking surface. The plaster cast is replaced after 6 
weeks by a shoe with a raised heel. The stance of the foot is gradually returned 
to normal during the course of the therapy2 1  • 22 • BARNARD and 0DEGARD2 1  • 22 
maintain that early weight bearing while still in plaster promotes muscle tone 
and that timely replacement of the plaster by "raised heel weight bearing" has 
a favourable influence on the mobility of the joints. 
CHARNLEY69 gives a most lucid evaluation of treatment of fractures with 
plaster casts. He states that immobilisation of the joints of the foot is impossible 
to achieve with plaster, and that, in any case, immobilisation of a calcaneus 
fracture is undesirable. Of fractures of the tarsus and metatarsus in general 
he writes : "A walking plaster for such cases is actually no more effective 
than a leather boot". Moreover, even when accompanied by expert physiotherapy 
immobilisation in plaster does not accelerate healing of a fracture. 
Nevertheless a plaster cast is useful in treating fractures of the calcaneus, be­
cause it permits the patient to be mobilised more quickly. It is, however, vital 
that physiotherapy should continue throughout the entire course of treatment, 
especially when weight bearing in plaster begins, because, under these conditions, 
not all muscle groups are necessarily excercised 1 5 1  • 3 7 5 • 
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Closed reduction 
In the early days patients with calcaneus fractures were treated without any 
attempt at reduction. At the end of the last century this situation began to change. 
At first manual reduction of compression and spreading of the calcaneus was 
tried. Later, mechanical aids were used, presumably in order to exert more force 
during the process of reduction. Only a few proponents realised, however, that 
correction of an impressed posterior joint surface by this technique was im­
possible. 
LEGOUEST's method of reduction2 2 1  was as follows : one hand was placed with 
the palm on the sole of the foot, and the fingers enclosing the heel. At the same 
time the foot was forcibly adducted with the other hand, and powerful traction 
applied in the long axis of the leg. In order to faciliate this manoeuvre, a pin was 
sometimes passed through the soft tissues of the heel. BoucttET45 and ELY 1 20 
exerted manual compression on each side of the calcaneus in order to reduce 
impaction. COTTON 76 reported that he had been using a hammer to this end 
since 1908. It was for the same purpose that BOHLER introduced the calcaneus 
clamp in 193 1 3 7. This is an instrument with two cups which are placed, one 
under each malleolus, and then screwed together, the idea being that the lateral 
spreading will thereby be reduced. This manoeuvre still forms an integral part 
of several methods of treatment. Clamping has also been recommended from 
time to time for cases where the results of manual compression are unsatis­
factory298 · 3 54· 3 55. Its use often leads to overcorrection 2 36. A wooden wedge 
has been used to reduce concomitant flattening of the arches of the foot3 7 and 
valgus2 1 8. Numerous other pieces of apparatus have been devised in order to 
reduce calcaneal fractures 1 26· 433· 434, none of which, even in the most favourable 
conditions, has ever achieved more than the correction of compression and 
spreading. 
It appears difficult to stabilise the reduction. This is largely blamed on the pull 
of the Achilles tendon. Various solutions of this problem have been tried. REMY 
suggested, in I 91 1 3 2 3, that reduction should be attempted with the foot in plantar 
flexion in order to reduce the pull of the Achilles tendon. Once he had achieved 
the desired position, he fixed it by driving a nail into the long axis of the calcaneum. 
BoHLER3 5 originally reduced the fracture manually with the knee bent, but later 
abandoned the method in favour of skeletal traction, because he found it impos­
sible to maintain the reduction4 1 . From one very extensive review1 4 3  it would 
appear that many surgeons saw tenotomy and lengthening of the Achilles tendon 
as a solution (see p. 8). In 1953 WENDT409 described a method ofreduction accord­
ing to what he called "the principle of total muscle relaxation". This method, with 
which WENDT's name has become associated, has enjoyed considerable popu­
larity. However, MOLLER2 8 2  originally used it in 1927, and ten years later 
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McFARLAND2 60 published a detailed description. Under anaesthetic and pharma­
cological muscle relaxation, the knee and ankle are flexed as far as possible. 
After reduction (which, in fact, consists of no more than the correction of com­
pression and spreading of the calcaneus) the leg is immobilised in this position 
by means of plaster of Paris. Over the following 4 months the stance is gradually 
returned to normal and a walking plaster substituted. WENDT4 1 0  reported, in 
the course of a discussion which took place in 1959, that 1 8  out of 20 patients 
thus treated had achieved a good result, which sounds somewhat unlikely in 
view of the fact that on the same occasion he proposed delayed primary arthro­
desis for patients in whom reduction of the posterior articular surface was in­
complete. The advantages of WENDT's method are, according to the literature, 
that it reduces the risk of infection4 1 • 2 5 5• 26 5 • 371, and does not exclude the 
possibility of more agressive treatment at a later stage 1 1 4• 1 1 5• 2 5 5• 265• 3 1 0, 37 1 . 
It is recommended for all moderate and severe compression fractures2 3 5 . 
BOHLER 4°, stated that the results were good when little or no impression of the 
thalamus was present. LANGER 2 1 5 reserves WENDT's method for fractures with 
no appreciable displacement, firstly because it is difficult to stabilise the reduc­
tion once it has been achieved, and, secondly, because complex reduction of 
impression fractures is impossible. Others have also reported on the instability 
of reduction2 6 5• 284• 3 1 0 . They attach little importance to the fact, however, 
because it has no influence on the eventual functional result3 10 . With regard 
to the duration of unfitness for work and readjustment to the work situation, 
WENDT's method is regarded as no better and no worse than primary subtalar 
arthrodesis2 6 9 and other operative techniques2 6 5• 2 84. SALSBURY336  concludes 
that manual reduction gives the shortest duration of unfitness for work, and 
reduction by means of pins and wires the longest. 
Pin-traction 
The aim of traction is reduction of the fracture by means of pins and/or 
Kirschner-wires attached to the calcaneus. 
In B0HLER's36• 38 opinion fractures of the calcaneus could and should be 
treated according to the normal principles of management of bone-injuries. 
He believed that the axis deviation and the simultaneous shortening and spreading 
seen in a fracture of the calcaneus were maintained, and even aggravated, by 
muscle tone, the shortening together with the reduction of the tuber-joint angle 
resulting from the pull of the Achilles tendon, and the spreading from that of 
the small muscles of the foot. Thus he applied counter-traction in various direc­
tions in order to reduce the fracture. To this end he used the so-called "Schrau­
benzugapparat", developed in 1926, which was able to exert force on the cal­
caneus in a number of different directions by means of screw-traction via two 
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pins. Once a good position was achieved, it was maintained by a plaster cast 
incorporating two pins and applied under traction. It was only in 195741  that he 
admitted that it was impossible to reduce an impacted thalamus fragment by 
this method. He then attempted to elevate the latter by the WESTHUES technique 
(see p. 29). If reduction failed, he, like others2 5• 1 1 6, performed an arthrodesis. 
BoHLER's method had many followers1 8 3• 343• 3 6 8 . ARNESEN 1 2 desi.:ribed a tech­
nique in which traction was applied in steadily reduced amounts for 8 to 1 2  
weeks through Kirschner-wires, one inserted through the tuber and the other 
through the metatarsals. At the end of the period under traction, a walking 
plaster was substituted. In 1 958 1 3  he wrote that he no longer used plaster, but 
applied active physiotherapy to the non-weight-bearing foot for 1 2  weeks post 
trauma. ARNESEN's method, too, had many followers2• 1 7• 32• 8 3 . 
A technique which applied traction through two tension screws, between two 





3 5 7 . Later tridirectional traction by means of wires in the tibia, the tuber 
and the metatarsals was recommended 1 2 3• 1 34• 1 6 1 . Diverse other methods were 
also tried in the attempt to reduce fractures of the calcaneus by means of trac­
tion t 39, 1 10, 1 90, 246, 241, 3 3 1 , 346 . 
In an investigation of treatment of calcaneal fractures in 35 clinics in the 
German-speaking world, conducted in 1 955, it appeared that 7 used BOHLER 's 
method of traction routinely, a similar number that of ARNESEN, and the re­
mainder various other methods. (BoHLER's own clinic was not included in the 
survey, as it was assumed that his method was already sufficiently known 1 99). 
Since 1 965, however, with one exception 1 3 2 treatment of calcaneal fracture by 
means of traction is regarded in the literature, as a thing of the past. 
The principal objection to this method is that it tends to increase the degree 
of displacement by stretching a number of associated ligaments, evidenced by, 
among other things, the marked widening of the ankle joint which occurs1 75• 4 1 7 . 
There is also considerable risk of infection, since pins or wires have to be inserted 
through the fracture haematoma1 7 5. Moreover, it is simply not possible to reduce 
impactions of the thalamus by this method 175• 2 8 3• 4 1 7. Both BoHLER's2 5 5• 3 1 2  
and ARNESEN's2 techniques and those of others2 1 3• 2 5 1 • 426 give rise to osteitis. 
Because of its poor results, therefore traction is no longer considered to have 
any place in the treatment of calcaneus fractures6 8• 2 1 3• 3 3 6 . 
Instrumental reduction 
Instrumental reduction may be defined as an attempt to reduce the fracture by 
means of instruments inserted through the skin. 
In 1 923, BECKER2 4  described a method of elevating the calcaneus by means of 
an elevatorium introduced percutaneously beneath the bone. He had been 
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using it since 1906. Two years later COTTON 76 began reducing calcaneal frac­
tures by pressing the tuber downwards by means of a probe inserted in front of 
the Achilles tendon. It was then narrowed by blows from a hammer. Over the 
years various techniques derived from that of COTTON were described, the last 
as recently as 1963s, 66, 1 5 8, 1 69, 2 98, 3 1 2. 424_ 
The most popular method of instrumental reduction is that of WESTHUES4 1 2• 
41 3• 4 14, which he developed in the years 1934-1942. Under X-ray control, a 
Steinmann-pin was driven from the rear of the calcaneus into the impacted 
fragment. It was then moved in the direction of the plantar surface of the foot 
in order to tilt the calcaneus upwards. Simultaneous longitudinal traction on, 
and abduction of, the pin was applied to correct for shortening and axis-devia­
tion. Following criticism that the pin afforded insufficient purchase on the frac­
ture fragments62• 1 3 1  a pin with a screw thread was substituted. Later a calcaneus 
clamp was also incorporated into the technique in order to reduce lateral spread­
ing, which it had not been possible to treat by the original manipulation 1 1 2• 
2 2 2 • 2 2 3• 4 0 1 • The foot, together with the pin, was then encased in a plaster cast 
for three weeks. It is not a technique suitable for severely comminutive frac­
tures 142· 4 1 4 . In the modern German literature maintenance of reduction by 
means of a pin24 3  or wire 1 3 7 • 1 57• 1 8 0• 2 1 4• 42 9• 43 1 , and temporary immobilisation 
of the forefoot is recommended. 
EssEX-LOPRESTI 1 2 1  based his method on a report of GISSANE 1 4 1 . He used the 
WESTHUES technique of reduction, but simplified it by using a pin with a remov­
able handgrip. The pin was left in situ in order to maintain the achieved position. 
He employed a shoe-shaped plaster cast in order to avoid long term immobilisa­
tion. He claimed that, by this means, it was possible to retain movement in the 
ankle, the subtalar, and Chopart's joints. EssEx-LoPRESTI regarded this method 
as specially suitable for the reduction of tongue-type fractures, a view subsequently 
confirmed by other workers27• 1 92• 201 . 
GossET 1 46 was the first to describe a method of instrumental reduction in the 
French literature. He elevated impacted fracture-fragments with a Steinmann­
pin inserted from the lateral side of the calcaneus. At the same time traction was 
exerted on a Kirschner-wire passed through the tuber. The pin was then in­
corporated in a plaster cast and removed after 30 days. Good results have been 
reported using this technique26• 1 0 1 • 1 47• 2 1 1 • A pin inserted in the long axis of 
the calcaneus and moved in the direction of the plantar surface of the foot has 
been substituted for the wire by some workers. In the modern French literature, 
maintenance of reduction by means of temporary immobilisation of the subtalar 
joint has also been described92• 93• 94• 1 07 • 2 9 1 • DECOULX et al.9 3  introduced "Le 
relevement enclouage a foyer ferme (REFF)". They reduce the fracture with 
a pin inserted in the tuber and fix it by driving the pin up into the talus. They 
often require a second pin inserted laterally in order to reduce severely impacted 
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crush fractures. They maintain that their method permits remedial therapy to 
be commenced immediately, and avoids the need for prolonged immobilisation 
in plaster, no matter what type of fracture may be involved. 
Other quite different instrumental techniques, such as elevation of an impacted 
fragment by means of a cylindrical instrument which shoots out a sharp triangle2 78 
and a method of reduction by bringing two pins, inserted on either side of the 
calcaneus into the centre of the foot, parallel to each other6, have also been 
described. 
A comparison of the results of functional therapy and instrumental reduction 
by the EssEx-L0PRESTI technique concluded that the extent to which normal 
work could be resumed depended on the mobility of the subtalar joint, and that, 
in the case of severe crush fractures, this was best achieved by instrumental 
reduction 1 . It has also been shown to be superior to open operative reduction 94. 
An objection to instrumental methods of reduction is the radiation to which 
the surgeon can be exposed, since they are usually performed with the aid of an 
X-ray image intensifier. This exposure may be reduced by employing pins 20 
to 25 cm in length 9 3. Other objections include the risk of infection438, the presence 
of a scar on the sole of the foot, and the possibility of skin necrosis ' 7 5. 
Open reduction 
Proponents of open reduction base their preference on the notion that calcaneus 
fractures must be reduced exactly if a satisfactory functional result is to be ob­
tained2 1 7· 364· 36 5. The criteria for reduction are restoration of the tuber-joint 
angle, in order to avoid later deformity of the foot, and reconstruction of the 
posterior articular surface as a prophylaxis against subtalar arthrosis 1 7 5. Reduc­
tion of an impressed thalamus fragment also minimises the risk of subluxation 
of Chopart's joint and the superior ankle joint226. 
LERICHE228  performed the first open reduction and fixation of a fracture of 
the calcaneus. His technique, the "osteo-synthese primitive", which is still 
mentioned in the modern literature8 · 3 9 7· 398, consisted of correction of impres­
sion of the thalamus and restoration of the articular surface, by fixation with 
one or two Dujarier agraves. In cases where open reduction proved impossible, 
he performed either an arthrodesis, or astragalectomy360· 36 1 · 362 · 3 78. The 
reduced fracture seems to have been difficult to stabilise. In an attempt to solve 
this problem, a bone-splint was placed on the lateral side of the calcaneus and 
fixed with a screw driven through to the cortical bone on the medial side96· 1 86· 
1 87· 1 8 8· 1 89. An alternative method was to fix the reduced fragment with a pin 
inserted subcutaneously 1 2 1 · 396. But LE THAI et al.383 pointed out that reduction 
of the thalamus component alone is insufficient, because it does nothing to 
treat the "fracture-separation". In order to achieve this both fractures should 
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be fixed with screws inserted from the back of the calcaneus. The necessity of 
treating both fractures, with or without spongiosaplasty under the thalamus, is 
emphasised repeatedly in the modern literature 1 1 9  · 364· 365 · 407. LANZETTA and 
MEANI2 1  7 recommend open reduction with plates whose form is varied to suit 
the type of fracture. 
LENORMANT22 5 · 226  was the first to describe open reduction without fixation. 
He used a bone graft to hold the reduced thalamus fragment in place. Of the 
several variations of this method 1 8· 283· 299 · 358, the best known is open reduction 
under traction299· 3 58 . Not until PALMER'S publication of 1948300, however, did 
the technique achieve recognition outside France. On the basis of this article it 
has, rather unjustly, been named "PALMER's method". He employs a lateral 
approach, and, after dislocating the foot in varus over a wedge, inspects the 
joint directly. Traction through the tuber reduces the lateral fracture fragment, 
after which the impressed fragment is reduced by means of an elevator. The 
defect below the reduced joint fragment is filled with chips from the iliac crest 
in order to stabilise the reduction. "PALMER'S method" is now in widespread 
use5, 7, 49, 67, 1 09, 1 49, 2 1 3 , 221. 2 3 1 , 256, 257, 213 , 304, 3 30, 3 3 8 , 339, 3 8 2 , 4 1 1 _ 
Almost all workers who practise open reduction use the lateral approach. A 
few262 · 4 1 5 · 4 1 6, however, prefer the medial, on the grounds that it affords a 
better view of displacement in the subtalar joint4 1 5 · 4 1 6 , or because they regard 
displacement in the medial cortex the most important aspect of the reduction262. 
The dorsal approach ("voie en eperon") appears advantageous when there is 
clear evidence of a crush component in the fracture 1 48. 
Good results are obtained from a perfect anatomical reduction 1 3· 3 8 2· 4 1 7, 
but such perfect reductions are seldom achieved8 8· 1 72· 1 76 · 392. Less than perfect 
anatomical reduction does not necessarily lead to a poor functional result, 
however246 · 256· 2 88 · 3 79, whereas, according to some workers, a poor anatomical 
position is always followed by a poor functional result3 1 8· 3 79. 
According to the general principles of fracture therapy a good anatomical 
position should always be sought after fracture of the calcaneus in order to 
restore the articular surface, the form and position of the bone and thus the 
normal structure of the foot. The problem in handling fractures of the calcaneus, 
however, is that they are frequently comminuted in the extreme and accompanied 
by much soft-tissue damage. Clearly complete restoration of the anatomy of a 
severely comminuted calcaneus is utopian. Moreover, operation can have a 
deleterious effect on the healing of the soft tissues. 
3 1  
Arthrodesis 
The aim of arthrodesis is the definitive treatment of pain and the stabilisation of 
deformities, to the functional benefit of the extremity as a whole. Inevitably, 
any remaining movement in the affected joint is sacrificed. 
Subtalar arthrodesis, first performed in 191 1  by the Dutchman VAN 
STOCKUM37 2 • 37 3 • 37 4, and triple arthrodesis, in which the art. tarsi trans­
versa is immobilised in addition to the subtalar joint, are the most common 
operations for fracture of the calcaneus. HOLSCHER 1 7 5 prefers the former. She 
advances three arguments for this preference. Firstly, post-traumatic arthrosis 
of the art. tarsi transversa by no means always gives rise to complaint 1 1 6 
and even subluxation of this joint can equally well be corrected by the subtalar 
as by the triple arthrodesis 7 8• Secondly she maintains that the retention of a 
degree of mobility in the art. tarsi transversa is important to the dynamics 
of the foot. Thirdly, triple arthrodesis is a longer and more complex operation, 
which carries a higher risk of compromising the blood supply to the calcaneus. 
Three types are recognised : primary, postprimary*, and secondary, depending 
on the stage of treatment at which they are performed. When arthrodesis is the 
treatment of choice, a primary or postprimary operation is carried out, the 
former immediately after injury or the resorption of the fracture haematoma, 
the latter once the fracture has consolidated. 
Arthrodesis performed in order to improve an unsatisfactory result of primary 
treatment is termed secondary arthrodesis. It may be resorted to months, or 
even years after the injury, according to the extent of the residual complaints. 
The principle argument advanced in favour of primary or postprimary 
arthrodesis is that a damaged joint surface can suffer secondary arthritic 
changes in the course of time. The changes are said to arise because there is no 
means of restoring continuity to a traumatised joint surface, nor of reducing 
impression7• 2 1 • 2 5• 1 5 4• 1 75 • 1 76• 32 1 • 423 • 4 3 5 . Avascular necrosis of fracture frag­
ments may also supervene 1 3 5• 1 6 1 • 1 6 2• 404 . Proponents of primary arthrodesis 
argue that, on socio-economic grounds, the results of operation vary little from 
those of other methods47, and that delaying an unavoidable arthrodesis merely 
prolongs the patient disability unnecessarily 1 05 • Primary arthrodesis is indicated 
when satisfactory reduction of an intra-articular fracture cannot be achieved or 
maintained by other means2 3 • 1 72 • 394. 
Pain, following intra-articular fracture, is the most important indication for 
secondary arthrodesis, whether it be pain from changes in weather ; on movement, 
especially when walking on an uneven surface ; or pain at rest. Marginal osteo­
phytes, irregularities of the articular surface, narrowing of the joint space, or 
• Synonyms :  early arthrodesis, delayed primary arthrodesis. 
32 
sclerosis are commonly seen on radiography. Operation should be performed 
the moment no further improvement results from conservative measures. This is 
usually 2 years after injury ' 2 1  · 286 although some improvement has been reported 
from operations carried out even later2 3 6· 295· 330. 
The type of arthrodesis varies according to the importance attached to restora­
tion of the shape of the calcaneus. If the aim is merely restoration of bony stability 
of the art. subtalaris, then arthrodesis in the existing position is performed. 
This has so far only been recommended by GALLIE 1 3 3 who maintained that, in 
90 ° 0 of cases, the only deformity was a slight valgus, which had no influence on 
the ultimate function of the foot. 
Should importance be attached to the position of the calcaneus, this may be 
corrected by removal or transplantation of bony tissue, and then fixed in a 
number of ways 1 0· 2 3 · 1 7 1 · 1 76 · 3 1 9· 320. WILSON423 was the first to perform such 
a correction arthrodesis. He abraded the articular surfaces and removed bone 
from the medial side of the calcaneus in order to correct the valgus. One of the 
disadvantages of his method was that it still further reduced the distance between 
the malleolus and the sole of the foot, thus increasing the risk of subluxation of 
the talus in the art. tarsi transversa. For this reason other workers have 
attempted to ensure the integrity of the talus in relation to the art. tarsi 
transversa as well as the position of the calcaneus by means of subtalar 
correction arthrodesis 1 1 3 · 200. In particular EHALT 1 1 3 tried to correct the valgus 
stance of the calcaneus, the distance from the malleolus of the sole of the foot 
and the stance of the talus by means of his "Keilarthrodese" (see p. 34). How­
ever, this technique carries a risk of overcorrection into varus. 
Where it is thought desirable to restore the form, the stance, and the bony 
integrity of the calcaneus, this should be attempted before the joint is fused. This 
technique is termed "reconstruction arthrodesis". When the original form can 
be restored satisfactorily, not only is valgus corrected, but the longitudinal 
shape of the bone is also restored, thus avoiding traumatic flat foot and eventual 
subluxation in the art. tarsi transversa. The result is restoration of a 
normal foot-stance, which improves the chances of eventual optimal func­
tion25· 60· 74· 1 1 6· 1 45. Reconstruction may be either conservative or operative, 
the latter usually being accompanied by simultaneous arthrodesis20 · 60 · 1 35· 1 94· 
1 95, t 96 , t 97 , 257 , 2 58, 268, 28 1 . 292 , 349, 38 5. When restoration of form is attempted 
conservatively, skeletal traction25· 4 1 · 74· 1 45· 1 6 1 · 270, or manual reduction43 · 1 1 6 
is employed, in the latter case lateral spreading being corrected either manually 
or by means of a calcaneal clamp. Postprimary arthrodesis follows 3 to 8 weeks 
later. The advantage claimed for this method is that the delay allows a degree 
of callus to develop between the fracture surfaces, which simplifies the perfor­
mance of the arthrodesis25 . 
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Some recognised methods of arthrodesis are GALLIE's arthrodesis, EHALT's 
arthrodesis and CONN's arthrodesis. 
GALLIE 1 3 3  approached the subtalar joint posteriorly. A hollow was scooped 
out of the talus and calcaneus and filled with two tibial splints laid side by side. 
He regarded this method, in which the art. tarsi transversa was not fixed 
and where not further reduction of the depth of the foot was involved, as simpler 
than existing procedures. During the operation, no attempt was made to correct 
the form and stance of the calcaneus. The technique is not suitable for cases of 
varus deformity, because the weight is then borne by the base of the fifth 
metatarsal, resulting in painful callus formation. It was regarded as worthwhile 
in intra-articular fractures with little or no displacement 1 3 5 • Cancellous bone 
from the iliac crest may be substituted for tibial splints if desired 1 °5 . A number 
of modifications have been suggested in order to treat deformities of shape and 
stance of the calcaneus 1 5 9• 1 6 1 • 2 5 7 • 2 5 8 • 304 . One of the most recent is that of 
KALAMANCHI and Ev ANS 1 9 1 , in which spreading of the calcaneus is corrected by 
means of a calcaneal transplant. A trapezoidal hollow is scooped out of the talus 
and calcaneus, and a right angled transplant placed in the defect in order to correct 
the stance. 
EHALT 1 1 6 originally reduced the fracture according to the BOHLER or WESTHUES 
technique, but later preferred closed reduction with pointed foot and maximal 
flexion of the knee. After 6 weeks he performed subtalar arthrodesis 1 1 4• 1 1 5• 1 1  7 • 
If this was unsuccessful, primary wedge arthrodesis ("Keilarthrodese") was 
substituted 1 1 3 . This operation was introduced into Dutch practice by BooN 
and HAANEMAAIJER4 3. 
CONN7 4  reduced the fracture by BOHLER's method and 6 weeks later performed 
a triple arthrodesis, because, according to him, "it is as illogical to fuse the sub­
talar joint only as it would be to fuse only one half of the knee joint" 7 5 . 
A number of objections to arthrodesis are raised in the literature. Opponents 
claim that the operation is never indicated because the joints become immobilised 
3 to 5 years after injury anyway, even when nothing active is done 1 04• 3 2 7 . The 
indication has also been questioned on the grounds that the very residual com­
plaints which it aims to treat often remain post-operatively208 • 2 3 6• 34 1 • 3 9 5 . This 
view was confirmed in a recent investigation undertaken by HOFFMANN and 
MOLLER 1 7 3 . They came to the conclusion that : 
a. It is impossible to predict which intra-articular fractures will later require 
arthrodesis. 
b. The result is not dependent on the stage at which arthrodesis is performed. 
c. Freedom from pain - the primary reason for arthrodesis - is seldom achieved. 
d. Arthrodesis does not reduce the degrees of disability. 
e. Employment-disability is greater after arthrodesis than when the fracture is 
treated by other means (87 % against 48 %). 
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EARLY COMPLICATIONS 
Among the more important complications of calcaneal fracture are : deep 
posterior compartment syndrome, post traumatic dystrophy, and calcaneal 
osteitis. 
Deep posterior compartment syndrome is caused by raised intracompartmental 
pressure. It has been described following calcaneal fracture2 5 3 . The compart­
ment is limited by the posterior surface of the tibia, the fibula and the septum 
transversale cruralis. It contains mm. flexor digitorum longus, flexor hallucis 
longus, tibialis posterior, a. and v. tibialis posterior, and n. tibialis. The usual 
complaint is severe pain in the lower part of the leg. There is tenderness over the 
distal medial area of the fascia between the tibia and m. triceps surae. Passive 
dorsiflexion of the toes is also painful. There may be hypoaesthesia of the sole 
of the foot, and some loss of plantar flexion of the toes. Treatment consists of 
early operative decompression (fasciotomy). 
Post-traumatic dystrophy or Siideck's bony atrophy, is still not fully under­
stood. It can complicate any trauma of the extremities. Possible causes are too 
precipitate mobilisation in the presence of oedema42, disturbances of tissue 
perfusion resulting from post-traumatic swelling, ischaemia as a result of too 
tight a plaster cast, vasoconstriction 12 7 , and infection following operation,  or 
the application of traction23 5• 269• 3 2 2 • These factors may also have a bearing 
on the severity of the syndrome. 
Calcanea/ osteitis occurs in open fracture, and closed fractures in 
which the haematoma has been opened at operation, or during instrumental 
manipulation. MARTINI and DAouo2 5 1 distinguished the following types : isolated 
osteitus occurring after the use of pins ; osteitis sparing the thalamus ; and osteitis 
involving the thalamus. It is a difficult condition to treat3 50, and in cases where 
the usual conservative measures of rest and drainage fail, there is little alternative 
to partial or total resection of the calcaneus 1 9 8• 2 50, 2 5 1 • 2 5 2• 346, 347 - 426 . 
CONSERVATIVE FOLLOW-UP TREATMENT OF FRACTURES OF THE CALCANEUS 
Post-traumatic complications of fracture of the calcaneus are as follows : lesions 
of the art. subtalaris and art. tarsi transversa, which may eventually lead 
to arthrosis or ankylosis ; alterations in posture ; spreading, shortening and 
lowering of the heel ; and traumatic flat foot. The calcaneus also possesses a 
"shock absorbing" system, consisting of fibroelastic adipose tissue389 which 
may suffer damage as a result of fracture and which has only limited powers of 
regeneration 2°9 . The most common complaints arising from these post-traumatic 
complications are pain and instability. They may be serious enough to cause 
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fundamental disturbances of function in the foot when standing or walking 70. 
Conservative measures to combat such complications consist primarily of 
physiotherapy in order to improve mobility (see p. 24) and orthopaedic supports 
such as the patellar tendon bearing brace (PTB)84• 3 37 in order to relieve some 
of the weight on the heel. Orthopaedic footwear is the most useful aid for longer 
term sufferers. It is noteworthy that while the importance of proper shoes has 
only generally been recognised for about J OO years27 1 . 377, MALGAIGNE245 was 
recommending the use of specially-made footwear in the long term treatment 
of calcaneus fracture as early as I 847. Such footwear distributes the body weight 
more evenly over the sole of the foot, stabilising or even correcting postural 
deformities, reducing pain and improving the gait. 
Improved weight distribution may be achieved by raising the heel and reducing 
the "effective length" of the foot. A raised shoe-heel which (over) compensates 
the patient's own deformity transfers part of the pressure load on the heel to the 
forefoot. By making the back of the heel of elastic material ("pufferheel"), it is 
possible to some extent to compensate the loss of the natural "shock absorber", 
thereby reducing the shock-load when walking. A closely fitting inlay, tailored 
individually to the shape of the foot, augments the pressure relieving effect of the 
heel by distributing body-weight more evenly over the foot. Such measures 
minimise the forces acting on the calcaneus and, through it, the subtalar joint. 
The load on the latter can be still further reduced by shortening the effective 
length of the foot ("Mechanische Fu8lange") 106 and rounding off the heel248• 
To this end, a support is placed dorsal to the ball of the foot to facilitate earlier 
unwinding of the foot. This, too, reduces the load on the calcaneus. 
Optimal stabilisation of the foot is achieved by encasing it in a plaster cast. 
Clearly, such a measure has little place in long-term treatment, but the same 
degree of stability can be approached 16, when indicated, (for instance after 
arthrodesis), by means of a "Feststellabrolschuh"3 16. Another approach is to 
correct abnormal posture in the subtalar joint. A deep, cup-shaped inlay, broader 
and higher medially than laterally, placed behind the heel, will compensate 
valgus. A similar effect is achieved by combining a cup-shaped inlay with a 
wedge-shaped elevation on the medial side of the heel. Raising the inlay under 
the lateral side of the tarsus pronates the latter relative to the heel, thus mini­
mising an eventual flat-footed posture 1 75 . 
Generally, a good ready made shoe, fitted initially with an inlay to increase 
stability 1 24• 1 6 8• 237, round off, and cushion the heel, and promote early un­
winding of the foot, is sufficient for the longterm treatment of fractures of the 
calcaneus. 
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RESIDUAL COMPLAINTS FOLLOWING FRACTURE OF THE CALCANEUS 
The most noticeable residual deformities following intra-articular fracture of 
the calcaneus are valgus, spreading and lowering of the heel, and loss of the 
long arches of the foot. Radiographically, incongruence of the subtalar joint, 
which is said to cause post-traumatic arthrosis deformans, is usually visible. 
The most common complaints are pain, recurrent intermittent oedema, a feeling 
of stiffness in the foot and loss of strength in the plantar flexors. Opinions differ 
over the extent to which radiographic findings correlate with clinical com­
plaints2 1 2 · 236· 306. LINDSAY and DEWAR236 conclude that the origins of these 
sequelae, which have an important bearing on the ability to resume work4 1 8 , 
should be sought in the soft tissues. 
Pain appears to be the chief long-term complaint after intra-articular fracture 
of the calcaneus 1 03 · 285· 286. Usually it is localised under the lateral malleolus, 
and is aggravated by walking over uneven ground or standing on ladders. It 
is a frequent symptom following injury of the foot or ankle, and has been termed 
the sinus tarsi syndrome34· 53 · 87· 267· 294. LINDSAY and DEWAR236 distinguish 
5 different locations of chronic pain after fracture of the calcaneus. They con­
clude that pain under the lateral malleolus and heel are the most significant. 
Secondary arthrodesis does not eliminate this pain. 
Oedema of the heel occurs in 30 to 40 ° 0 of cases2 86· 430. In some, it extends 
as much as 15 cm above the ankle430. It is usually noticed towards the end of the 
day, and is moderate in degree. It may become permanent and be accompanied 
by clawed toes, and stiffness of the entire foot ;  this condition is probably the 
most disabling sequela of badly treated calcaneus fractures8 1 . Filling of the 
grooves on both sides of the Achilles tendon occurs in all patients following 
calcaneus fracture342. 
About 50 % of patients complain of foot stiffness286. This may have many 
causes. Fibrous or bony ankylosis may arise from trauma to bone and articular 
cartilage. Damage to joint capsules, ligaments, tendons, subcutaneous tissues 
and skin, as well as protracted immobilisation in plaster, may all play a role in 
the aetiology. Metatarsal stiffness appears to be more frequent in patients treated 
operatively than in those treated conservatively2 3 6 . So-called supination con­
tracture seems to be the result of the application of plaster with the forefoot 
supinated 1 75 . Despite his deformity, the patient will still try to load the entire 
forefoot, thus forcing the heel into valgus. The end result is traumatic pes piano 
valgus 1 2 5. 
Inability to stand and walk on tip-toe has been ascribed to cranial displacement 
of the tuber, resulting in loss of strength due to spurious lengthening of m. triceps 
surae38 · 65· 405 . This was shown to be wrong as early as 1935 1 25 . Shortening 
following fracture of the lower limb below the knee has a similar effect on the 
37  
length ofm. triceps surae, yet in these cases none of the above mentioned sequelae 
occur. There are several reasons why patients find it difficult to stand and walk 
on tip-toe after fracture of the calcaneus : secondary stiffness in the joints of the 
foot, especially those of the forefoot ; reduced leverage due to shortening of the 
calcaneus, often clearly visible on comparative radiography ; and the eventual 
formation of callus between calcaneus and tibia which functions as a posterior 
buffer. 
SECONDARY OPERATIVE TREATMENT AND OCCASIONAL PROCEDURES 
Secondary arthrodesis has already been discussed (p. 32). Excision of lateral 
and plantar exostoses, osteotomy of the calcaneus, sensory denervation of the 
heel and, occasionally, talectomy and surgical removal of the calcaneus, have 
also been described. 
Lateral exostosis can lead to calcaneo-fibular abutment and compression of 
the peroneal tendons, the probable causes of the characteristic pain localised 
below the lateral malleolus 1 8 1 . It is palpable as a hard tender swelling under the 
lateral malleolus, clearly visible on axial radiography as a bony abnormality. 
Dorsi- and plantar flexion of the ankle are painful2 6 1 . Peroneal tenography 
demonstrates entrapment of the peroneal tendons 1 04· 324, a complication seen 
only after calcaneal fracture with vertical impression 3 2 2. Although it is suggested 
that reduction oflateral spreading of the calcaneus is prophylactic against exostosis 
formation3 1 6, it has no effect on calcaneo-fibular abutment2 1 . Secondary opera­
tion aims to relieve the impingement of the calcaneus on the fibula by removing 
the exostosis2 1 . 22, 64, 74, 1 1. 1 04 . t 61. 240, 241 , 242 , 302 . 3 2 2 _ The alternative, resec-
tion of the distal extremity of the fibula, was first performed by Ev ANS 1 2 2. This 
procedure is claimed not to affect the lateral stability of the ankle 1 8 1 . 
Painful plantar exostosis can either be removed 1 9 · 1 20, or treated by elevation 
osteotomy of the calcaneus3 2 2. The latter procedure, which involves caudo­
medial transposition of the tuber, chiefly alleviates functional disorders of the 
ball of the foot arising from calcaneal valgus 1 5 · 98 - 1 98· 2 3 7, 3 2 2, 3 5 2. 
Sensory denervation of the heel, in the absence of satisfactory improvement from 
conservative measures, should render arthrodesis superfluous293. The operation 
consists of transection of the tibial, sural3 35 and deep peroneal293 nerve fibres, 
which suppl�he joints, and may be performed under local analgaesia. It should, 
however, only be carried out as a last resort204· 3 2 8, because of the increased risk 
of trophic disturbance which it carries. 
Talectomy has only occasionally been performed, whether as a primary229· 
360· 3 78, or as secondary366, procedure following failure of open reduction. 
Surgical removal of the calcaneus, followed by anastomosis of the Achilles 
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tendon to the plantar fascia 7 2 ,  has been described as a primary treatment of 
severely comminuted calcaneus fracture3 13 . 
FRACTURE-DISLOCATION 
Fracture-dislocation occurs when the large lateral fragment, instead of being 
crushed, is forced into varus and driven along the talus until it comes to rest 
under the lateral malleolus. It was originally described as isolated sustentaculum 
tali fracture 1°0, 263 · 299• 402 , contemporary workers not recognising the element 
of dislocation which characterises this type of injury 100· 299 . As a result it received 
little further attention2 63• 402 . JIMENO-VIDAL in 1960 1 8 5  was the first to give a 
detailed description. He had recognised its typical features as early as 1935, 
but delayed publication of his findings in order to assemble a sufficiently large 
series of cases. 
Shearing forces (p. 1 1) cause the primary sagittal fracture which runs lateral 
to the sulcus calcanei and splits the bone into an anteromedial and a postero­
lateral fragment. The former bears all or part of the processus anterior, the 
sustentaculum tali and, in many cases, a medial fragment from the thalamus. 
It remains attached to the talus by the Jig. talocalcaneale interosseum 
and the pars medialis of the Jig. deltoideum. In contrast to "crush" fractures, 
there is no compression of the postero-lateral fragment ; instead, it is forced into 
varus and dislocated along the talus, coming to rest under the lateral malleolus 
(fig. 9). Rotation of the fragment tears the relatively weak calcaneo-fibular and 
lateral and posterior talo-calcaneal ligaments. Further lateral dislocation causes 
avulsion of the lateral tubercle of processus posterior tali, or rupture of Jig. 
talo-fibulare, which is attached at this point 185 . Avulsion of tuberositas ossis 
metatarsale V by the tendon of m. peroneus brevis is also possible3 1 . Other 
possible skeletal lesions include fractures of the lateral malleolus3 1 , and the 
lateral process of the talus 1 8 5 • The pull of the Achilles tendon tends to displace 
the posterolateral fragment cranially, and, since this fragment often bears 
part of the anterior process of the calcaneus, lateral subluxation of the calcaneo­
cuboid joint follows. Furthermore, the tendons of flexor hallucis longus can 
become trapped between the two fracture components, a situation which has im­
portant therapeutic consequences. It arises when the fracture line runs close 
to the sulcus calcanei and passes through the groove containing the tendon. 
Subsequent dislocation of the posterolateral fragment draws the tendon into the 
fracture (fig. I O). This complication is exclusive to the type of fracture line just 
described. When the latter passes outside the groove containing the tendon, it 
remains, of course, in its proper place. 
According to JIMENO-VIDAL 1 8 5, these fractures usually occur in females over 45 
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Fig. 9 THE MECHANISM OF FRACTURE-DISLOCATION OF THE CALCANEUS 
The anteromedial fragment of the primary fragment remains attached to the talus by its ligaments, 
while the posterolateral fragment is forced into varus and displaced along the talus, coming to rest 
under the lateral malleolus. 
Fig. 10 SITES OF FRACTURE IN RELATION TO THE TENDON OF M. FLEXOR HALLUCIS LONGUS 
The tendon of the m. Oexor hallucis longus is either trapped between the two fracture components 
( A )  or is not involved in the fracture ( B) . 
years of age who have suffered a fall from a limited height in the home. In his 
opinion, this is because older people, and especially older women, lose the capa­
city to break their falls properly (see "Fehlleistung", p. 12). Thus a fall of one meter 
or less can be sufficient to cause such a fracture. He maintains that IO  % of all 
intra-articular calcaneal fractures fall into this category, although the incidences 
quoted in the French literature are no more than 2 to 4 %6 5 •  1 1 0, 1 98 . 
Fracture-dislocation is usually caused by a fall from a limited height in which 
the heel strikes the surface in varus. Road traffic accidents have also been impli­
cated in this type of injury3 1 • 1 85 . The patient often indicates that his foot was 
first bent inwards and then outwards. The resulting pain can be severe enough 
to cause many patients to lose consciousness 1 85 . Extensive swelling develops 
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rapidly, and the affected leg is incapable of bearing any weight. On examination, 
there is marked deformity of the heel, with lateral spreading. 
On the lateral radiograph the thalamus is shown superimposed on the postero­
caudal part of the talus. Subluxation in the art. calcaneocuboidea is also 
often visible. The art. talocalcaneonavicularis is displaced caudally, but its 
joint surfaces remain congruent (fig. 1 1). This picture must not be confused 
with horizontal crush fracture, in which the talus appears as if it has sagged into 
the calcaneus 1 9 8. The tuber-joint angle remains unaltered, because the positions 
of the three points which determine it do not change. Horizontal crush fracture is 
clearly distinguishable on the axial radiograph, since, in fracture-dislocation 
the posterolateral fragment is displaced obliquely upwards, and lies beneath the 
lateral malleolus. Often the talus is in varus. 
In cases where no entrapment of the tendon of flexor hallucis longus has 
occurred, JIMENO-VIDAL 1 8 5 uses traction to reduce the lateral fragment. If 
entrapment of the tendon has occurred however, he prefers open reduction, 
followed by immobilisation in plaster for 8 to 10 weeks. Since there is no crush 
component in this type of fracture, weight bearing may commence after 8 to 10  
days. Other workers3 1 • 2 59• 2 6 3  make no  such distinction and treat all fracture 
dislocations with open reduction, suturing the ligaments, and stabilising the 
reduction by means of screws. 
Fracture-dislocation of the calcaneus occurs more often than it is diagnosed. 
The reason for this is that dislocation of the lateral fragment often passes un­
recognised, probably because the axial views are insufficiently exposed to visualise 
the articular surfaces of the subtalar joint. It is noteworthy that, apart from the 
French literature, WARRICK and BREMNER 's brief description in 1953402 and 
Fig. 1 1  LATERAL AND AXIAL RADIOGRAPHIC PROJECTIONS OF FRACTURE-DISLOCATION 
DEMONSTRATING THE PATHOLOGICAL-ANATOMICAL RELATIONSHIPS (explanation see 
p. 41)  
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JIMENO-VIDAL 's excellent article in 1960 1 8 5 , there appear to be no published 
references to this type of fracture. Yet the displacement of bony fragments, and 
extensive soft tissue damage inherent in fracture-dislocation, can leave the patient 
with considerable residual functional disability. 
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IV. EXTRA-ARTICULAR FRACTURES OF THE CALCANEUS 
Traditionally this term refers to a fracture in which the subtalar joint is not in­
volved ; thus the posterior articular surface remains in place and intact. 
Four types may be distinguished : 
- fractures of the sustentaculum tali 
- fractures of the processus anterior 
- fractures of the tuber calcanei 
- stress fractures of the calcaneus 
FRACTURES OF THE SUSTENT ACULUM TALI 
This type of fracture is the result of a shearing force applied to the sustenta­
culum tali (see p. 9). Usually there is an intra-articular component involving the 
facies articularis calcaneocuboidea. An isolated fracture of the sustentaculum 
tali hardly ever suffers displacement. 1-2 % of all fractures of the calcaneus are 
of this type2 1 2 • 405 • Full recovery results from functional therapy, or 6 weeks 
in a walking plaster. During radiography, care should be taken to ensure 
adequate exposure of the axial film, as otherwise a fracture of the sustentaculum 
tali may be confused with fracture-dislocation (see p. 39). In a recent report4 1 8  
i t  was stated that in fractures of  the sustentaculum tali the degree of  displacement 
of the sustentaculum was the only pathological anatomical feature that correlated 
with the ultimate functional result. On re-examination of the radiographs, 
however, it was realised that what had been taken for a displaced fracture of the 
sustentaculum tali was in fact a fracture-dislocation of the lateral fragment. 
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FRACTURES OF THE PROCESSUS ANTERIOR * 
These are intra-articular fractures of the art. calcaneocuboidea occurring 
through the tip of the processus anterior at the level of the attachment of Jig. 
bifurcatum (fig. 12). The processus anterior is the most distal part of the calcaneus. 
It bears the facies articularis cuboidea, which, together with the corresponding 
articular facet of the os cuboideum, forms the art. calcaneocuboidea. 
Such fractures can result from compression46 , 4 8, 56. 79, 1 2 8, 1 19 , 2 3 5 , 280, 428 or 
avulsion46, 56, 1 1 , 95 , 1 28, 1 36, 1 44, 2 3 5, 294, 302 , 3 3 1 , 390, 404, 428. A foot subjected to 
pressure when in extreme plantarflexion and supination can suffer a similar 
fracture390 as a consequence of avulsion of Jig. bifurcatum 1 3 6. WEBER406 regards 
this type of fracture together with associated lesions of the surrounding ligaments 
as typical injuries of the so-called "supination chain". Traumatic fracture of a 
pre-existing coalitio calcaneonavicularis may present a similar picture on radio­
graphy44 _ 
Some workers regard processus anterior fractures as rare 1 36· 206 while others 
maintain that it often goes unrecognised7 1 · 1 65· 2 1 2 · 236· 294· 3 90· 428. It is the only 
fracture of the calcaneus which occurs more commonly in women than in men 
1 36· 206· 294, possibly as a result of wearing high-heeled shoes294. 
The usual complaint is acute severe pain on the lateral side of the mid-foot, 
occurring after plantar flexion and supination. Weight bearing is especially 
painful, and haematoma develops along the lateral edge of the foot. The pain is 
sharply localised. GELLMAN 1 36 states that when the thumb is placed on the lateral 
Fig. 12 FRACTURE OF THE PROCESSUS ANTERIOR CALCANEI 
A. lateral view ; 
B. dorsal view. 
• Synonyms : Fracture of the lip of the processus anterior, anterior superior process fracture, anterior 
end fracture, promontory fracture, sprain fracture of the calcaneus, particular fracture of 
the calcaneus. 
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malleolus and the middle finger on the base of the 5th metatarsal, the index finger 
falls automatically on the point of tenderness ("GELLMAN's grip"3) .  However 
he points out that pain at this point may also indicate fracture of the cuboid 
or damage to a ligament. Many of these fractures are only visible on the oblique 
and dorso-plantar radiograph (see p. 19) and not on the customary axial and 
transverse films 79•  Another reason that it is often missed at radiography is the 
fact that the fracture is often very small46. A lens may thus be useful when 
scanning X-ray films in search of such a fracture5 5• 1 3 6. The presence of an 
accessory bone (calcaneus secundarius or cuboideum secundarium56*) may also 
lead to the misdiagnosis of fracture of the processus anterior. 
As treatment of choice WEBER406 recommends elevation of the leg in a "plaitre 
de degonflement" for a week, after which the patient should exercise his foot 
in dorsi- and plantarflexion during a further week of bedrest. At the end of this 
period a walking plaster should be applied with the foot slightly pronated. This 
should be worn for 4 weeks. PARKEs302 treats his patients functionally without 
weight bearing for 3 to 6 weeks. In cases of severe displacement, he performs open 
reduction followed by fixation with a Kirschner-wire. Other methods include 
early weight bearing in plaster 348, and 4 to 6 weeks without weight bearing in an 
elastic bandage or a plaster cast46• 48• 71 • 1 36· 428• 4 3 7 . For the treatment of origi­
nally unrecognised fractures, or persistent complaints, 4 weeks immobilisation 
in plaster followed by a walking plaster in which, initially only partial weight 
bearing is permitted79 ; excision of the processus anterior302 ; operative removal of 
the fracture fragment230• 294 ; or even, as a last resort, triple arthrodesis46 have 
all at various times been recommended. 
It may be concluded that the problems associated with fractures of the processus 
anterior are more diagnostic than they are therapeutic. Normally it is a simple 
distortion fracture. Diagnosis is complicated by the frequent occurrence of supina­
tion injuries in which no fracture of the processus anterior is present at all, the 
difficulty of visualizing it radiographically, the fact that it is small, and the 
possible presence of accessory bones in the same location. 
FRACTURES OF THE TUBER CALCANEI 
Tuber calcanei is the term used to describe the rough posterior surface of the 
calcaneus. It is limited above by the processus posterior and below by the pro­
cessus medialis and lateralis. The Achilles tendon is attached on either side of the 
* Incidence of calcaneus secundarius is 4.4 ° 0• That of cuboideum secundarium is I %2 1 6 • 
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roughly horizontal crista tuberis calcanei. The extension of the area of attach­
ment cranially and caudally to the crista is somewhat variable205• 224• 3 14, but 
its cranial extension is greater on the medial than on the lateral side224. 
Fractures of the tuber may be subdivided into fractures of the processus media­
lis and fractures through the dorso-cranial part of the calcaneus. 
FRACTURES OF THE PROCESSUS MEDIALIS * 
This is a shearing fracture 1 98 · 405 which occurs in isolation as a result of a fall 
on the heel with the latter in valgus (fig. 13). Only Essex-Lopresti 12 1 considers 
the possibility of its being an avulsion fracture, caused by the pull of the fascia 
plantaris. Its incidence is 3.5 % of all fractures of the calcaneus 1 q8• 330. 
Clinically, the heel is swollen and tender, principally at the point of attachment 
of the plantar fascia. The axial radiograph shows a fracture line running 
vertically348. Generally there is little or no displacement. Where necessary 
reduction can be achieved by horizontal manual compression338• 405 . Full 
recovery follows functional therapy2 1 2, or 6 weeks in a walking plaster348• 405, 
commenced as soon as the swelling, which is usually of short duration, has 
disappeared. Thereafter treatment consists of an elastic bandage, or a cup­
shaped elastic inlay in the heel of the shoe. 
Fig. 13 FRACTURE OF THE PROCESSUS MEDIALIS CALCANEI 
The arrows indicate the direction of the shearing forces. 
• Synonym : vertical fracture of the calcaneus405 . 
46 
FRACTURES THROUGH THE DORSO-CRANIAL PART OF THE CALCANEUS * 
These may be subdivided into fractures of the processus posterior and avulsion 
fractures of the tuber. They are virtually indistinguishable on the transverse 
radiograph. The fracture line runs postero-anteriorly, caudo-cranially through 
the tuber calcanei, causing the back of the triangular fracture fragment to rotate 
cranially. There is no functional involvement of m. triceps surae in the processus 
posterior fracture, whereas in the avulsion fracture of the tuber there is ; this 
distinction has an important bearing on treatment. 
Originally both types of fracture were known by the common name "fracture 
de Boyer", although according to MALGAIGNE245 it was first described by Garen­
geot in I 720. It was regarded as an avulsion fracture 1 00, 1 08 • 245 • 309 . TIETzE3 8 8  
challenged this view in 1908, concluding from his work on cadavers that it  was a 
compression fracture. PAITRE and BoPPE299 and DE BRUIN54 were the first to 
suggest that it might be the result of both compression and avulsion, although 
it was not until the fifties that this view began to enjoy wider acceptance40• 404 . 
It is not usually possible to distinguish the two types of fracture radiographi­
cally, and the clinical picture may also be confusing (fig. 14). 
In a fracture of the processus posterior (fig. 14B) the functional muscle-tendon­
bone unit remains undamaged. The fracture lies above the attachment of the 
Achilles tendon and is usually the result of direct injury. The typical displacement 
of the fracture fragment may be the result of rotation about a transverse axis, 
caused by the pull of the Achilles tendon when the foot is in dorsi-flexion. Closed 
reduction and a carefully moulded walking plaster for six weeks is usually suffi­
cient treatment. 
In avulsion fractures of the tuber ca/canei, the (usually) osteoporotic bone9 1  • 
205 • 420• 421 • 422 forms the weakest link in the muscle-tendon-bone chain. The 
fracture line runs beneath or through the attachment of the Achilles tendon 
(fig. 14c, 14D, 14£). The same pattern of forces can rupture the Achilles tendon, 
but in this case the tendon itself is usually abnormal (for instance degenerated) 
thus replacing bone as the weakest link in the functional chain30• 340· 345 · 420• 
42 1 • 42 2 . Radiographically it is distinguishable from a fracture of the processus 
posterior only when the fracture line terminates in the caudal third of the tuber 
calcanei, in which case the usually oval fracture fragment, to which the Achilles 
tendon is attached, is displaced proximally and loses all contact with the remainder 
of the calcaneus (fig. 1 4£). In all other cases the diagnosis must be made from 
the clinical picture, namely, loss of strength on plantar flexion. Doubtful cases 
should be regarded as avulsion fractures1 1 • 30, 23 8• 302, 3 14. 
• Synonyms : horizontal fracture of the tuberosity, beak fracture405 . 
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Fig. 14 FRACTURES THROUGH THE DORSO-CRANIAL PART OF THE TUBER CALCANEI IN RELA­
TION TO THE ATTACHMENT OF THE ACHILLES TENDON 
A. Prefracture situation showing the attachment of the Achilles tendon ; 
B. Processus posterior fracture. Achilles tendon not involved in the fracture mechanism ; 





Until 1899 avulsion fracture was treated conservatively245 . Thereafter both 
operative 1 4• 287 and conservative methods38· 205 have been described. In the 
recent literature the choice of operative or conservative therapy is made on the 
basis of the age of the patient and the degree of involvement of the Achilles 
tendon, which can often only be estimated anyway 1 6 5 • 224· 23 8 · 23 9• 348 · 428 . 
Indications for operation include threatening of the skin, or the Achilles tendon 
by the displaced fragment344, irreducible fracture, or inability of the patient 
to stand on tip-toe. In these cases open reduction and fixation with a screw or 
tension wire band 1 1 8 should be considered. An S-shaped incision is recommended 
for this procedure5 7. 
STRESS FRACTURES OF THE CALCANEUS * 
A stress fracture can be defined as a break in the continuity of presumably normal 
bone caused by rhythmically recurring subthreshold traumata2 1 9 . 
Stress fractures occur about halfway up the processus anterior and the facies 
articularis talaris posterior, and run roughly parallel to the articular surface. It 
is now accepted that they are the result of compression forces exerted by the pull 
of m. triceps surae and the plantar fascia 279. Spontaneous fractures of the cal­
caneus described in victims of tabes dorsalis3 8 • 3 1  7, in children suffering from 
cerebral palsy5 8• 370, and in diabetes mellitus220 are excluded, because in these 
cases the bone can in all probability not be presumed to be normal. 
Stress fractures can occur in all age groups from about 1 5  months to 70 years279 
and are often bilateral 1 77, but are most common in military recruits at the be­
ginning of their training 1 77• 2 8 9• 3 1 5 • 3 3 3, in people just starting a holiday, and 
sportsmen at the commencement of a new season. When compared to stress 
fractures of the metatarsals it is remarkable how little has been published about 
this type of fracture of the calcaneus. Nevertheless, in recent years, they have oc­
curred more frequently than the so called "march fractures"8 0· 3 3 3, while, at the 
same time, the incidence of stress fractures of the calcaneus as a whole has in­
creased 307. Possibly this is due to changes in military training, leading to greater 
stressing of the calcaneus3 3 3 . 
In one series, out of a total of 300 stress fractures, 1 29 occurred in the calcanei 
of 95 patients8 0. An investigation of stress fractures during military training 
revealed an incidence of calcaneal fracture of 0. 1 6  �0 for males and 2 % for 
females undergoing identical training programmes3 3 3 . In yet another series 
• Synonyms : march, fatigue, insufficiency2 1 9, exhaustion, insidious,creeping 1 7 8 , and pseudo frac­
ture427 . 
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I 0.5 ° 0 of a total population of 1 1 5  female naval recruits suffered stress fracture 
of the calcaneus 1 7 7. 
Typically patients present with diffuse heel pain, worse on walking, occurring 
after a period of intensive training. On examination the heel is swollen and tender. 
Plantar faciitis and calcaneal spurs present similarly 1 02. Radiography usually 
(7 1 %) shows no fracture in the acute phase3 1 1 . The typical appearance of linear 
thickening of the spongiosa at the fracture site 1 78• 234• 4 1 5  becomes visible only 
2 to 4 weeks later425 . In older patients, calcification of the posterior tibial artery 
may show a similar appearance 1 02. 
As therapy, a foam rubber pad, which raises the heel and reduces the stress 
upon it, is usually sufficient 1 °2, 3 3 3. 
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V. TESTING THE HYPOTHESIS 
THE PROBLEM 
INTRODUCTION 
In order to compare the results of the various modalities of treatment of patients 
with a calcaneus fracture, use has been made of the return to work as a criterion 
for healing in this investigation. 
Numerous publications have appeared describing the results of individual 
forms of treatment. The degree of healing is often measured using objective data 
as well as subjective data and is expressed in terms of a scale. It is generally not 
possible to compare the results of different types of investigation, because different 
criteria are used to express the degree of healing. It is also difficult to gain sufficient 
insight into the results of different investigations. Very often insufficient justifica­
tion in support of the choice of the criterion is given, and at the same time the 
procedure for testing and evaluating the results is not always clearly described. 
Above all, the reliability of an investigation can be adversely affected by the 
effects of subjectively determined variations in the assessment 1 5 5• 367. 
In assessing the final condition in a healing process attention should be given 
to the three elements that are stated in the WHO-definition of health : "Physical, 
social and mental well-being". In a retrospective study the available information 
about the patients does not allow such an assessment to be made, so that in order 
to assess the degree of healing use can only be made of criteria that are partially 
valid in assessing the final condition (partially operational variables). Normally 
somatic aspects are used whereas social and mental recovery are neglected, which 
are certainly just as important from the point of view of the patient. It remains 
questionable to what extent somatic criteria justify statements about the integral 
healing of the patient, whilst even more doubt is cast regarding the expression 
of the degree of healing in patients who are not (yet) integrally healed. Because a 
positive financial inducement to return to work does not exist or hardly exists 
within the Dutch social security system, the timing of a return to work can be 
taken as the moment at which the patient feels himself healed, and therefore, 
5 1  
this can be used as an important criterion for integral healing according to the 
WHO-norm. In this investigation the moment of integral healing is measured 
using the time of the return to work as a partially operational variable. This 
criterion does not allow a conclusion to be drawn about the degree of healing in 
those who are still in the recovery phase. 
Several factors can be distinguished which determine the moment at which work 
is resumed. These factors, which strongly influence each other, are the following : 
the type of injury 
In solitary lesions, accompanied by a fracture, the fracture classification is 
determined by the workable and measurable regularisation (operationalisation) 
of the type of injury (see p. 5). For example, in intra-articular fractures of the 
calcaneus, the time required to reach the final condition is generally longer than 
with the extra-articular fractures and the quality of this final condition is much 
less. 
factors determined by the patient and his work 
The incompatability of the quality of the final condition with regard to the 
workload4 1 9. 
- The estimation by the patient of his own position within the work-situation. 
The indispensability, the acceptance, the understanding and the social control 
are factors which also influence a return to work. 
- The acceptance of the injury ;  for example, the patient who accepts the effects 
of the injury, will not base a return to work on "restitutioad integrum". The 
degree to which compensation mechanisms are already used prior to the trauma 
plays an important role in the acceptance of the injury400. 
- The psychological fixation of the patient regarding his illness ; this is in general 
strongly in persons of unskilled professions, those with feelings of powerless­
ness4 1 9 and in cases of "over-treatment"69. 
therapy 
The treatment can be directed towards somatic as well as social and psychological 
recovery. If the patient is not healed within six months the chances of a return to 
work are particularly small4 1 9. CHARNLEY69 points out the danger of over­
treatment by stating that the gloomy prognoses which have been customarily given 
to the patient with a severe fracture of a calcaneus is the result of "over-treatment" 
of this fracture. 
financial compensation 
The financial compensation received during the period of unfitness for work also 
determines the acceptance of the degree ofhealing. This compensation is dependent 
on the type of social security system that is applicable to the patient, and this differs 
according to the professional group and the country. In the Netherlands a series of 
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special laws are in force for workers in payed-employment, which means that 
during the first year of inability to work they receive a sickness benefit linked 
to the general standard of living, which assures almost full income and thereafter 
a guaranteed nett income that reaches 90-100 ° 0 of their old nett salary. In the 
Netherlands the insured person is usually allowed to make the decision about a 
return to work, a situation that has no important positive financial consequences. 
Therefore, in practice, the financial stimulation that could influence the timing 
and the extent of a return to work is missing. 
THE RETURN TO WORK ACCORDING TO THE LITERATURE. 
Although the information obtained from the literature on the return to work 
of patients with a calcaneus fracture is of limited use, it is incorporated as far as 
possible in the process of formulating the hypothesis. First of all it is noticeable 
that there is wide diversity of opinion with regard to the understanding of the 
term "return to work". When patients are discussed who have returned to work 
this generally does not imply that the original work is continued nor that the 
work has been completely resumed. The essential distinction is not usually made, 
as to whether the patient returns to his original employment or lighter work, 
or whether a complete or partial return to work has been achieved. The moment 
of a return to work is often an even more inadequately defined concept. This is 
usually understood to be the average time until work is resumed in that part 
of the group of patients who have been able to return to their original or lighter 
work, either full-time or part-time. 
Some of the conclusions that have been encountered in the literature are the 
following : 
- The moment at which work is resumed is partly determined by the type of 
injury: intra-articular fractures lead to a longer period out of work in comparison 
with the extra-articular fractures. This also holds true for displaced fractures as 
opposed to fractures without displacement29• 1 3 5 • 286 . 
- The presence of associated injuries further delays the return to work3 8 5• 3 8 6 • 
- Conservative treatment of fractures of the calcaneus leads to an earlier return to 
work than is the case after operative treatment2 15• 23 3• 269. The shortest period 
of unsuitability for work followed functional conservative treatment50• 302, 3 2 6. 
The study of LINDSAY and DEWAR2 3 6  has received much attention. They com­
pared groups of patients which are comparable as far as the calcaneus fractures are 
concerned on other criteria. The average duration before work was resumed in 
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the group treated without reposition of the fracture, was 5 .5 months, in the control 
group treated with reposition 6.8 months, and in the group in which a primary or 
postprimary arthrodesis was carried out, I 0.0 months. The conservatively 
treated group consisted of 82 patients and, of the 70 patients who carried out 
heavy manual work even 70 % were able to return to work. This was the case 
in only 49 % of the 63 patients who carried out heavy manual work out of the group 
of 70 patients who underwent an arthrodesis. According to LINDSAY and 
DEWAR2 3 6  there are no indications for secondary arthrodesis, because this does 
not improve the final result 
The study carried out by SALSBURY3 3 6  confirmed the unfavourable influence 
on the return to work in a group of conservatively treated patients in which 
attempts had been made at reduction of fractures of the calcaneus. 
The following hypothesis is formulated on the basis of the afore conclusions 
drawn from mentioned literature : 
In patients suffering from foot injuries involving an intra-articular fracture of the 
calcaneus the nature of the recovery process is such that those treated conservatively 
are able to resume their work more quickly than those treated operatively. 
PLAN OF THE STUDY 
POPULATION AND SAMPLE 
Introduction 
In the Netherlands there is extensive legislation governing the social services, 
including the laws protecting loss of wages. The laws as applied to the unsuitability 
for work caused by sickness are carried out by 26 BV's*, except in the case of 
administrator�, railway and military personel, who have separate regulations. 
Each of these BV's is involved with one group of industrial or professional life. 
The laws protecting loss of wages that are important in this study are : 
the ZW** and the WA0***. 
The zw is applied for a maximum of a year and in practice gives the right to almost 
complete financial compensation for lost income during the period that the insured 
is unable to fully carry out his work. The WA0 comes into effect if the inability 
to work lasts longer than a year and carries on up to the age of 65 (pensionable 
age) or earlier if the insured is able to earn 85 % of his old income, including any 
trend payments. 
*BV : bedrijfsvereniging i.e. occupational association 
**ZW : ziektewet i.e. sickness insurance act 
***WAO: wet op de arbeidsongeschiktheidsverzekeringen i.e. incapacity insurance act 
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I n  this law the accent is placed not only on financial compensation for lost 
income due to unfitness for work, and. as a resu l t  the increased risk of loss of work 
(for example no temporary work available in t imes of economic difficul t ies}, but 
also on rehabi l itation and such conveniences as providing a house, car or wheel­
chair adapted to the patient which have the purpose of supporting the suitabi l i ty 
for work or to improve the l iv ing circumstances. The complete gross benefit 
payed out through this law, dependent on appl ied criteria is 8Q I 00 ° 0 of the 
former gross salary. I n  practice this means that due to various regulations, the 
nett income gained is more than 80 I 00 " 0 of the former nett income so that the 
original nett i ncome is often reached. Income from work, i f  any, (for exam ple 
i f  the patient works part-t ime) is deducted from the i ncapacity benefit. 
During the period of the study ( 1 970- 1 975) the zw was administered in 15 of 
the 26 BV's by the GAK*. The rest of the BV's are sel f-administrating. I n  this group 
were included those for the bui lding trade (SFB), the retai ltrade, ski l led tradesmen 
and housewives (DETAM} and organisations concerned with mental and physical 
hea l th and the social services {BVG}. The administration of the WAO for all BV's 
was given to the GMO** by the courts. 
The data used for this investigation have been obtained from the BV's that 
are affi l iated with the GAK. A part of the medical service of the GAK is the accident 
health insurance service ( Head : DR J. TH. H .  GRO'ID}, which deals in particular with 
the heal th insurance aspects of patients involved in accidents. The accident­
insurance doctors in this service, who are general surgeons and orthopaedic 
surgeons qual ified in accident insurance, keep a medical record of all patients with 
fractures who have been un fit to work for more than 6 weeks. At the same time a 
great deal of personal and medical information about these patienb is known. 
Besides this information, a number of specific facts were collected that were 
necessary for this study : for example with regard to the diverse fracture 
classifications which necessitated further revision of a proportion of the X-rays. 
Because the maximum period of involvement by the GAK with patients was l imi ted 
during the period of the study lo one year, use was made of data obtained from the 
GMD in order to fol low up patients who were not able to return to work during this 
period. This study concerns the population of patients with a foot lesion associated 
with an isolated calcaneus fracture who were unfi t  for work after 5 weeks and who 
received a sickness-benefit from the GAK. 
*GAK : yemeenschappelijk administratiekantoor i.e. joint administration office 
••GMO : yemeenschappelijk medische dienst i.e. joint medical service 
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This implies that : 
- only one insurance system is represented ; 
- the patients are in payed employment and are therefore older than 16 ; 
- males are relatively over-represented ; 
- certain professions are seldom if at all represented (building trade) ; 
- the period until the return to work is longer than 6 weeks ; 
- unfitness for work has hardly any negative financial consequences. 
The sample is taken out of the population described above and consists of all 
patients registered in the period 1970-1975. The results from this study can only be 
generalized by considering the above-mentioned limitations. 
Description of the sample 
There were 823 patients examined with an isolated fracture of the calcaneus. 
Males strongly dominated in the total : 774 men (94 o/0), as opposed to 49 women 
(6 %). There was almost no difference observed in right/left localisation of the 
fracture : 404 fractures were on the right side ( 49. I %) and 4 19  fractures on the left 
side (50.9 %). Ten patients had a compound fracture ( 1.2 %). A further description 
of the sample is given in Table I-VII. 
Table I THE CLASSIFICATION OF THE FRACTURE 
fracture classification 
I .  extra-art. without displacement 
II. extra-art. with displacement 
I l l .  intra-art. without displacement 
IV. intra-art. with moderate displacement 
V. intra-art. with severe displacement 
unknown 












( 33.2 %) 
( 8.6 %) 
( 1 0.2 %) 
( 24.7 %) 
( 20.5 %) 
( 2.8 %) 
( 100 %) 
Table II THE AGE GROUPS 
age number of percentage 
patients 
1 5- 1 9  2 1  ( 2.6 %) 
20-24 70 ( 8.5 %) 
25-29 99 ( 1 2.0 %) 
30-34 1 04 ( 1 2.6 %) 
35-39 1 1 2 ( 1 3.6 %) 
40-44 90 ( 10.9 %) 
45-49 9 1  ( I I . I %) 
50-54 9 1  ( I I . I %) 
55-59 75 ( 9. 1 %) 
60-64 57 ( 6.9 %) 
65 and older 1 3  ( 1 .6 %) 
823 (1 00 %) 
Table I I I  THE DEGREE OF WORKLOAD ON THE FOOT 
Degree of workload number of percentage 
on the foot patients 
none 42 ( 5 . 1  o o) 
light 172 ( 20.9 ° 0) 
moderate 569 ( 69.1 ° 0) 
extensive 40 ( 4.9 o o) 
823 ( 1 00 0 o) 
The following criteria were used to express the degree of work load on the foot : 
- none : preponderately sitting work (administrative) ; 
- light : sitting and standing or walking (warehouseforeman or salesman) ; 
- moderate : standing, walking (electrician or warehouse worker) ; 
extensive : work on ladders or uneven ground (windowcleaners or ground workers). 


















( 1 8.7 %) 
( 20.3 %) 
( 1 5.2 %) 
( 1 6.9 %) 
( 1 4.2 %) 
( 1 4.7 %) 
( 1 00 %) 
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Table VI THE TYPE OF ACCIDENT 
the type of accident 
tripping 
fall from 2 m. 
fall from more than 2 m. 
direct trauma to the foot 




7 1  
46 












( 1 8.0 %) 
( 8.6 %) 
( 5.6 %) 
( 62.1 %) 
( 5.7 %) 
( 1 00 %) 
percentage 
( 7.4 %) 
( 24.9 %) 
( 28. 1  %) 
( 3.5 %) 
( 36. 1 %) 
( 1 00 %) 
The above-mentioned classification is made on the basis of the information obtained from the patient. 
Table VII THE INITIAL TREATMENT 
initial treatment number of percentage 
patients 
conservative 
conservative (not otherwise indicated) 209 ( 25.4 %) 
functional 54 ( 6.6 %) 
plaster of Paris splinting 476 ( 57.9 %) 
traction 1 9  ( 2.3 %) 
operative 
instrumental reduction 20 2.4 %) 
open reduction 1 0  1 .2 %) 
primary arthrodesis 1 0  1 .2 %) 
postprimary arthrodesis 25 3.0 %) 
823 ( 100 %) 
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STATISTICAL DESIGN 
The hypothesis (see p. 54), will be tested by measuring the difference in duration 
of unfitness to work in groups of patients who were treated in a different way. 
These groups will be made comparable for a number of criteria that, apart from 
the type of therapy, all have an influence on the return to work. 
The measurement of the duration of unfitness to work 
The period of unfitness to work is defined as the number of weeks from the time 
of the accident until.the moment of resumption of work. (The patient is considered 
to have resumed his work, when, within a year following the accident he has 
returned full-time to his original work (the norm of the zw), or after this time at 
the moment he has returned to his own employment or other work and receives 
more than 85 % of his old income (norm for the WAO in both instances for a 
minimum of one month). 
The date of resumption of work was not known in some patients because 
the individual had not returned to work within the period of the retrospective 
study (a minimum of 3 years and a maximum of 9 years after the accident) or 
because no information was available for the WAO-period. From all the patients 
it was known whether they had returned to work within a year following the 
accident, so that they could be divided into four different groups with reference 
to the resumption of work.: 
I. those who had returned to work within a year ; 
II. those who did not return to work within a year, but did return within the 
period of the retrospective study ; 
III. those who did not return to work during the period of the retrospective study ; 
IV. those who did not return to work within a year and about whom after that 
year no further data are known. 
In groups I and II the time until work was resumed was measurable, whilst an 
estimation was made for groups III and IV. Such an estimation is only methodo­
logically acceptable if this either has no influence on the results of testing the 
hypothesis or has influence in the direction of non-acceptability of the hypothesis 
(conservative estimation). It was not possible beforehand to predict the influence 
of this estimation on the results of testing the hypothesis as it was not possible to 
determine the spread of the estimations over all the groups under investigation. 
The influence on the results of testing the hypothesis was studied using two ways 
of estimation. 
For the first way of estimation it was proposed that the patient has resumed 
his work at the moment when no more information could be obtained (basis-
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estimation). The second way of estimation is equivalent to the basis-estimation, 
but the estimated period is prolonged by an arbitrary number of weeks chosen 
for each of the groups (arbitrary-estimation). 
The estimation of the duration of unfitness to work in group III : 
a. the number of weeks between the date of the injury and that of the follow-up 
examination (basis-estimation) ;  
b. this period prolonged by 1 00 weeks (arbitrary-estimation). 
The estimation of the duration of unfitness to work in group IV : 
a. 54 weeks (basis-estimation) ; 
b. this period prolonged by 1 46 weeks (arbitrary-estimation). 
The estimations of group III and IV together with the measured periods of 
unfitness to work in group I and II together formed four different combinations 
of the period until resumption to work : 
COMBINATION: A B C D 
group I I I 
group II II II II 
group Illa Illb J l la Illb 
group IVa !Va IVb IVb 
For all groups the period of unfitness to work was considered to terminate at the 
moment at which the pensionable age was reached (for the purpose of estimation 
65 years of age). 
Composition of the study groups 
From the patients involved in the study, five experimental groups were selected, 
consisting of patients who were primarily treated by : I .  instrumental reduction ; 
2. open reduction ; 3. primary arthrodesis ; 4. postprimary arthrodesis - that 
together form the group primarily treated by operation (operative total) - and 
5. traction. The control groups selected for the experimental groups were taken 
from the remaining group of patients who were primarily treated conservatively. 
Instrumental reduction is included in the operatively treated group, whilst traction 
was taken as an apart (non-operative, non-conservative) group because in this 
group the fracture haematoma is opened. The group from which the control 
groups are selected for the experimental groups consists of all patients, who do not 
belong to one of these experimental groups. 
In addition to these groups, the patients who are treated by a secondary arthro­
desis may be considered as a 6th experimental group. This group has a special 
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place because an operative procedure is involved, which is carried out when the 
primary treatment is considered to have failed. It is self-evident that patients from 
this group also belong to one of the above-mentioned primary treatment groups. 
The group from which the control patients are selected for the patients treated 
with a secondary arthrodesis consists of all patients who do not belong to an 
experimental group. 
Procedure for making the experimental and control groups comparable 
Use was made of correlation-analysis to find out which variables have influence 
on the way of treatment and the duration of unfitness to work. It appeared from 
the variables examined, that only the fracture classification correlated with the 
choice of treatment and the duration of unfitness to work. Nevertheless it is 
conceivable that a number of the variables examined, either alone or in combina­
tion, do have influence on the duration of unfitness to work in other ways. These 
variables are, in order of importance : 
fracture classification 
The fracture classification correlates significantly with the period of unfitness 
to work. With the exception of some patients out of group II with a displaced 
extra-articular fracture through the dorso-cranial part of the tuber calcanei, 
only patients with a displaced intra-articular calcaneus fracture (group IV and V) 
were operatively treated. 
age 
The age is measured in categories of five years. A justifiable estimation of the 
duration of unfitness to work is only possible in patients who were under 60 years 
of age at the time of the injury. It is conceivable, that a connection exists between 
the age and the duration of unfitness to work. 
sex 
It is conceivable that women remain for a longer period unfit to work then men, 
because they often have the extra burden of domestic responsibility apart from 
their work outside the home. 
workload on the foot 
It is conceivable that patients who must carry out work involving an extensive 
load on the foot return to work less quickly than patients who carry out most of 
their work sitting down. 
open/ closed fracture 
It is conceivable that in open fractures the damage to the soft tissues is greater 
than in closed fractures, this could result in a longer period of unfitness to work. 
6 1  
year of the fracture 
Because of the duration of the retrospective study and the estimation, patients 
must be compared who have as far as possible, sustained an injury in the same 
year. Moreover, it is conceivable that the economical situation influences the 
duration of unfitness to work. 
Because it is unlikely that the treatment groups under comparison are identical 
on the previously stated variables (matching variables), they must be made 
identical on these matching variables, as far as possible. This worked out with a 
specially developed computer-programme (match-programme). 
The purpose of this programme is to find in addition to one group of persons 
( experimental group), a group of matched partners ( control group) from another 
group of persons (conservatively treated patients). 
The result is a number of matched pairs, of which both matched partners originate 
from different groups and these partners are, as far as possible, identical with 
regard to a number of matching variables. The order given to the matching 
variables determines the priority of each of these variables. First of all, for each 
person in the experimental group, persons are selected out of the conservatively 
treated group on the first matching variable (fracture classification). From the 
group thus obtained, persons are further selected on the second matching variable 
(age). This process is repeated for each following matching variable (sex, workload 
on the foot, etc.). 
As already stated, matched partners are selected from the conservatively 
treated patient group in such a way, that they are as far as possible identical with 
regard to a matching variable with the person in question taken from the experi­
mental group. In other words, the score of the matched partners on the match­
ing variable differs as little as possible from each other. 
Therefore, first of all a search is carried out to find matched partners, who on the 
matching variable, do not differ from the experimental person in question. If 
this search does not produce any matched partners, the difference of one scorepoint 
is allowed, after which the search procedure begins again. If no matched partner is 
found, even after this search, then a difference of two scorepoints is allowed, etc .. 
When a number of possible matched partners is found, then in the same way a 
new selection from this group is made on the next matching variable. This step by 
step type of selection is applied to each person from the experimental group and 
leads to a number of one or more corresponding matched partners. If this number 
is more than one, then the definitive matched partner is chosen at random. The 
latter is then removed from the group of conservatively treated patients, so that it 
is not possible that the same matched partner is chosen for two or more people 
out of the experimental group. 
The programme produced a datafile, which contains the scores of the pairs 
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formed on all the variables. Differences between the experimental and the control 
group can now be tested by using tests for dependent samples. In this study the 
Wilcoxon matched-pairs ranked-signs test359  is applied, a non-parametric 
test. The conditions for parametric testing are not complied with in this study. 
RESULTS 
DESCRIPTION OF THE STUDY GROUPS 
Description of the match group 
For testing the hypothesis only patients with a dislocated intra-articular calcaneus 
fracture (category IV and V) were selected out of the sample. In order to avoid a 
situation in which the arbitrary estimation of the estimated period of unfitness 
to work would carry on until after the pensionable age had been reached, the 
3 1  patients, who were older than 59 years of age at the time of the injury, were left 
out of the matchgroup. As a result a group of 341  persons remained. In 3 of the 
patients involved in the study (two from the post-primary arthrodesis group and 
one from the control group of the primary arthrodesis group) the period of 
estimated unfitness to work went on after the pensionable age had been reached. 
These estimations were adjusted. 
Description of the experimental groups 
Of all patients who underwent open reduction (20/823), 1 1  had a calcaneus 
fracture category IV or V, one patient was older than 59 years of age at the time of 
the injury, so that I O  patients remained (all men with closed fractures ; 5 with a 
category IV and another 5 with a category V fracture ; average age 35. 1 years ; 
in 7 the fracture occurred as a result of a fall, in a similar number the accident 
occurred at work, and a further 7 patients carried out work with a moderate 
load on the foot). 
Of all patients who underwent instrumental reduction (I 0/823), 9 had a calcaneus 
fracture category IV or V. One patient was older than 59 years of age at the time 
of the injury, so that 8 patients remained (all men with closed fractures ; 4 with a 
fracture category IV and 4 with a fracture category V ;  average age 44. 1 years ; 
in 7 the fracture was caused by a fall, in a similar number the injury occurred at 
work and 8 patients carried out work with a moderate load on the foot). 
All patients who underwent primary arthrodesis ( I  0/823), had a calcaneus frac­
ture category IV or V. One patient was older than 59 years at the time of the injury, 
so that 9 patients remained (all men with closed fractures ; 5 men with a category 
IV and 4 with a category V fracture ; average age 38 . 1  years ; in 8 the fracture 
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was caused by a fall; all the injuries occurred at work and 6 patients carried out 
work with a moderate load on the foot). 
All patients who underwent postprimary arthrodesis (25/823) had a calcaneus 
fracture category IV or V. Two patients were older than 59 years of age at the 
time of the injury, so that 23 patients remained (22 men and I woman; all with a 
closed fracture; 8 with a category IV and 15 with a category V fracture; average 
age 36.4 years; in 8 the fracture was caused by a fall; 16 fractures occurred at 
work, and a similar number carried out work with a moderate load on the foot). 
The average duration between the injury and arthrodesis was 7.3 weeks (range 
3-9 weeks). 
Of all patients who underwent traction ( 19/823), 16 had a calcaneus fracture 
category IV or V (all men, of which one had an open fracture; 6 with category IV 
and IO with a category V fracture; average age 40.8 years; in 11 the fracture was 
caused by a fall; 12 fractures occurred at work, and a similar number carried out 
work with a moderate load on the foot). 
Ofall patients who underwent secondary arthrodesis(30/823), 28 had a calcaneus­
fracture category IV or V. Two patients were older than 59 years ofage at the time 
of the injury, so that 26 patients remained (all men with closed fractures; 1 2  with a 
category IV and 14 with a category V fracture; average age 39.4 years; in 19 the 
fracture was caused by a fall; 18 fractures occurred at work and a sifnilar number 
carried out work with a moderate load on the foot). Two patients were primarily 
treated by open reduction, one by primary arthrodesis, 3 by traction and 20 by 
various conservative methods. The average period between the injury and the 
secondary arthrodesis was 1 1.9 months, range 6-39 months. 
THE RESULTS OF TESTING THE HYPOTHESIS 
Efficacy of the matching procedure 
The matching is considered successful if it is possible to find an identical partner 
for each matching variable in the control group for all persons out of the 
experimental group. Notwithstanding the size of the population from which the 
control group was chosen such an ideal matching was not possible. 
Table VIII shows the distribution of the matching variables for persons in the 
experimental group and the partners chosen from the population from which the 
control group is formed. Because the degree of difference between the two partners 
for each matching variable is not shown in this table, the differences per examined 
group per matching variable is given in Table IX. In this table the absolute number 
ofscorepoints in which the partner differs, are followed by the number of matched 
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operative total 22 28 I 6 7 7 9 6 4 7 3 37.7 
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instrumental reduction 4 4 I I 2 I 3 44. 1 
control (cons) 4 4 I I 2 I 3 44 0 
open reduction 5 5 I 2 3 2 I I 35. 1  
control (cons) 5 5 I 2 3 2 I I 34. 1  
primary arthrodesis 5 4 I I 2 I I I I I 38. 1 
control (cons) 5 4 I I 2 I I I I I 39.4 
postprimary arthrodesis 8 1 5  I 4 3 2 5 3 I 2 2 36.4 
control (cons) 8 1 5  5 3 2 5 3 I 2 2 36.0 
traction 6 1 0  I I 2 2 3 2 2 3 40.8 
control (cons) 6 1 0  2 2 2 3 2 2 3 40.9 
secondary arthrodesis 1 2  1 4  4 7 4 7 4 39.4 
control (cons) 1 2  1 4  4 7 4 7 4 38.7 
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table it appears that these differences are very small and chiefly present in the last, 
least important match-variable, so that the matching can be considered as 
successful. 
The number of applied estimations 
The number of applied estimations is reproduced in Table X. As described above, 
a justifiable testing can only be made if the period of unfitness to work can be 
expressed numerically for each patient involved in the match study. For groups I 
and II the actual period of unfitness to work is applied. Under group III, all 
patients who in all probability would not be able to completely return to work 
were considered. This group is relatively large in the post-primary and secondary 
arthrodesis group. Group IV is the only group in which it is not clear how the 
period of unfitness to work progresses after the first year. It is possible that this 
group was given to the GMD as permanently unfit to work by the GAK. because 
during the first year a partial return to work does not occur, and, therefore this 
group was not examined again after the period under the zw. This group is 
relatively small. 
The results of the test 
For each experimental and each control group the following data are given in 
Table XI and XII : the total number of persons, the 25, 50 and 75 percentile, the 
range and the average period of unfitness to work, which is expressed in weeks. 
Match gives the total number of pairs, the total number of "ties" (the total number 
of pairs in which the same period of unfitness to work applies to both experimental 
and the control partner) ; the total number of "negatives" (the total number of 
pairs in which the experimental partner has a longer period of unfitness to work 
than the control partner) ; the total number of "positives" (the total number of 
pairs in which the experimental partner has a shorter period of unfitness to work 
than the control partner), and the probability that the observed differences are 
accidental. A difference is considered to be significant when the accidental 
probability is less than 5 % (p < 0.05). 
In order to test the hypothesis it would be sufficient to take the primary operative 
group. In order to examine the results of the differentiated operative groups 
(instrumental reduction, open reduction, primary arthrodesis and postprimary 
arthrodesis) these were separately matched and tested. Besides these, two other 
experimental groups were added: traction, because according to the literature 
this form of treatment may lead to poor results (see p. 27) and secondary arthro­
desis, in order to study the influence of arthrodesis on the period of unfitness to 
work in relation to the results of primary and postprimary arthrodesis. The groups 
of patients treated by postprimary or secundary arthrodesis were also taken in 
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Table IX EFFICACY OF THE MATCHING PROCEDURE 
- 0� '-' -�--� _ ,.,., � ,« �., � c5' '-"' 
r.,� ,"' ,._v ·,<:-Ci & ,.,+ ,,"i � c.; 
operative total 0 (50) 0 (47) 0 (49) 
I ( 3) I ( I ) 
instrumental reduction 0 ( 8) 0 ( 8) 0 ( 8) 
open reduction 0 (10) 0 ( 1 0) 0 ( 1 0) 
primary arthrodesis 0 ( 9) 0 ( 9) 0 ( 9) 
postprimary arthrodesis 0 (23) 0 (22) 0 (22) 
I ( I )  I ( I )  
traction 0 ( 1 6) 0 ( 1 5) 0 (16) 
I ( I )  
secondary arthrodesis 0 (26) 0 (26) 0 (26) 
o'- ,"' ,o ,._v 
:s-
"' Ci �"i -�..,,, 0� ,.,?:; -� 




0 (48) 0 (50) 
I ( 2) 
0 ( 8) 0 ( 8) 
0 (10) 0 ( 1 0) 
0 ( 8) 0 ( 9) 
I ( I ) 
0 (20) 0 (23) 
I ( 3) 
0 ( 15)  0 (15) 
2 ( I )  I ( I )  
0 (26) 0 (24) 
I ( 2) 
"'� v� 
� <:-
0 (25) 50 
I (20) 
2 ( 4) 
4 ( I )  
0 ( 5) 8 
I ( 3) 
0 ( 5) 10 
I ( 5) 
0 ( 7) 9 
I ( 2) 
0 ( 9) 23 
I ( 1 0) 
2 ( 3) 
4 ( I )  
0 ( 8) 1 6  
I ( 5) 
2 ( I ) 
0 (1 4) 26 
I ( 7) 
2 ( 3) 
3 ( 2) 
The difference between the experimental partner and the control partner are given for eacn group 
that is examined and for each matching variable. The differences are shown with the number of score 
points by which the person from the control group within the range differs from his partner from 
the experimental group. 
In parenthesis the number of matched partners is mentioned where these differences have reference. 
For example: the 1 0  patients who are treated by open reduction are matched with 1 0  conservatively 
treated patients. Thus I O  pairs are formed each consisting of one partner treated with open reduction 
(experimental partner) and one conservatively treated partner (control partner). Of these 1 0  pairs both 
partners are identical with regard to all match variables except the year of the injury. In 5 of the 10 pairs 
the year of the injury is the same. In the 5 other pairs the year of the injury of the conservatively treated 
partners falls one year earlier or later within the range (the period of the study, i.e. 1 970-1975). 
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Table X THE DISTRIBUTION OF THE EXPERIMENTAL GROUPS AND ASSOCIATED CONTROL 
GROUPS WITHIN THE MEASURED AND ESTIMATED PERIODS UNTIL RESUMPTION OF 
WORK (Group I to IV, see p. 60) 
group I group II  
operative total 30 5 
control (cons) 38 2 
instrumental reduction 7 0 
control (cons) 5 
open reduction 7 
control (cons) 8 
primary arthrodesis 6 I 
control (cons) 7 0 
postprimary arthrodesis 1 0  3 
control (cons) 1 9  0 
traction I O  2 
control (cons) I O  
secondary arthrodesis I 7 
control (cons) 1 8  2 
group I :  all patients returning to work within one year 
group I l l  group IV number 
14 I 50 
7 3 50 
0 8 
I 8 
2 I I O  
0 I O  
2 0 9 
2 0 9 
9 23 
3 23 
4 0 1 6  
3 2 1 6  
1 3  5 26 
4 2 26 
group I I :  all patients returning to work within the period of the retrospective study, but not within one 
year 
group Ill : all patients not returning to work within the period of the study 
group IV : all patients not returning to work within one year and where after that year no further 
information is known. 
Of groups I and I I  the duration until resumption of work is known, this has to be estimated in 
groups I l l  and IV. 
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Table XI THE MEASURED PERIOD OF UNFITNESS FOR WORK OF THE EXPERIM ENTAL AND THE CONTROL GROUPS IN GROUP I AND II  
EXPERIMENTAL (operative) CONTROL (conservative) MATCH 
... percentile ... percentile ., ., ., range ., range -� -� .0 .0 
E E "' "' ·-01) "' 
25 50 75 min max mean ::, 25 50 75 min max mean z -� ., 0 C C C 0. 
operative total 35 26.4 35 . 1  45.0 ( 1 9-327) 5 1 .9 40 1 7.5 22.5 3 1 .8 ( 8-1 55) 29. 1  27 I 20 6 p= 0.004** 
instrumental reduction 7 25.3 32.8 36.8 (21- 38) 32. 1  6 1 3.0 1 7.5 37.5 ( 10- 155) 45.2 5 0 3 2 p= 0.893 
open reduction 8 23.5 26.5 45.0 ( 1 9-327) 65.4 9 1 6.0 20.5 30.3 ( 12- 106) 34.4 7 0 5 2 p= 0.237 
primary arthrodesis 7 22.3 27.5 30.8 (21 - 71 ) 32.7 7 12.3 25.0 30.3 ( 8- 5 1 ) 27.3 6 0 4 2 p:c  0.249 
postprimary arthrodesis 1 3  36.8 45.5 49.3 (31 -297) 64.5 1 9  20  3 25.3 3 1 .6 ( 1 5  34) 25.5 I I  I 1 0  0 p= 0.005 .. 
postprimary arthrodese modified 1 3  29.8 38.5 40.3 (24--290) 57.5 1 9  20.3 25.3 3 1 .6 ( I S- 34) 25.5 I I  I 8 2 p=0.014* 
traction 12 22.0 29.5 39.5 ( 1 7  1 90) 45.8 1 1  1 9.8 26.0 32.8 ( 1 3  1 45) 35.8 8 0 5 3 p= 0.327 
number : the number of patients that have returned to work (group I N . :  the number of pairs in which both the experimental and control 
and II) partner belong to groups I and II 
percentile: the number of weeks after which respectively 25, 50 and negative : number of pairs where the experimental partner has a 
75 % of the patients have returned to work longer period of unfitness to work 
range : the shortest and longest period of unfitness to work in weeks positive : the number of pairs where the experimental partner has a 
mean : the average duration of unfitness to work in weeks shorter period of unfitness to work 
level of significance : • p < 0.05, •• p < 0.01 
--.J Table XII THE PERIOD OF UNFITNESS TO WORK OF THE EXPERIMENTAL AND CONTROL GROUPS IN GROUPS I TO IV 
0 
EXPERIMENTAL (operative) CONTROL (conservative) 
percentile range ... percentile range Q) 
.8 E "' E 25 50 75 min-max mean ::, 25 50 75 min-max mean z -� ::, C 
C 
operative control 
combination A 50 3 1 .0 42.5 2 1 6.5 ( 1 9-43 1 )  1 25.4 50 20.0 28.5 45.0 ( 8-43 1 )  69.9 50 I 
combination B 50 3 1 .0 42.5 3 1 3.0 ( 1 9  53 1 )  1 49.4 50 20.0 28.5 45.0 ( 8-53 1 )  83.9 50 I 
combination C 50 3 1 .0 42.5 2 1 6.5 ( 1 9-43 1 )  1 28.3 50 20.0 28.5 45.0 ( 8-43 1 )  78.6 50 I 
combination D 50 3 1 .0 42.5 346.0 ( 1 9-63 1 )  1 74.3 50 20.0 28.5 45.0 ( 8-63 1 )  1 06.6 50 I 
instrumental reduction 
combination A 8 26.5 34.0 37.5 (2 1-43 1 )  82.0 8 1 5.5 24.5 54.5 ( 1 0-26 1 )  73.3 8 0 
combination B 8 26.5 34.0 37.5 (21-53 1 )  94.5 8 1 5 .5 24.5 54.5 ( 1 0-36 1 )  85.5 8 0 
combination C 8 26.5 34.0 37.5 (2 1-43 1 )  82.0 8 1 5.5 24.5 1 55.5 ( 1 0-26 1 )  9 1 .5 8 0 
combination D 8 26.5 34.0 37.5 (2 1-63 1 )  1 07.0 8 1 5 .5 24.5 1 55.5 ( 1 0-46 1 )  1 1 6.5 8 0 
open reduction 
combination A I O  24.0 32.5 1 66.5 ( 1 9  365) 1 1 8.4 I O  1 6.5 2 1 .5 3 1 . 5- ( 1 2-365) 64.8 1 0  0 
combination B 1 0  24.0 32.5 1 82.0 ( 1 9-465) 1 38.4 I O  1 6.5 2 1 .5 3 1 .5 ( 1 2-465) 74.8 1 0  0 
combination C I O  24.0 32.5 1 66.5 ( 1 9-365) 1 1 8.4 1 0  1 6.5 2 1 .5 3 1 .5 ( 1 2-365) 64.8 1 0  0 
combination D 1 0  24.0 32.5 1 82.0 ( 1 9  565) 1 58 .4 1 0  1 6.5 2 1 .5 3 1 .5 ( 1 2-565) 74.8 1 0  0 
primary arthrodesis 
combination A 9 23.3 30.0 6 1 .5 (21 -4 1 8) 1 00.9 9 1 6.0 28.0 46.8 ( 8-43 1 )  1 1 7.0 9 0 
combination B 9 23.3 30.0 6 1 .5 (21-5 1 8) 1 23 . 1  9 1 6.0 28.0 46.8 ( 8-53 1 )  1 32.2 9 0 
combination C 9 23.3 30.0 6 1 .5 (21-41 8) 1 00.9 9 1 6.0 28:0 46.8 ( 8-43 1 )  1 1 7.0 9 0 
combination D 9 23.3 30.0 6 1 .5 (21-6 1 8) 1 34.4 9 1 6.0 28.0 46.8 ( 8-63 1 )  1 43.3 9 0 
postprimary arthrodesis 
combination A 23 44.0 56.0 232.8 (3 1 -43 1 )  1 53 . 1  23  22.0 28.8 32.8 ( 1 5  300) 54.0 23 I 
combination B 23 44.0 56.0 3 1 4.0 (3 1-531 )  1 83.5 23 22.0 28.8 32.8 ( 1 5-400) 67. 1  23 I 
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1 8  4 
1 8  4 
1 Q A 
p = 0.008** 
p = 0.009** 
p = 0.02 1 *  
p = 0.026* 
p =  1 .000 
P= 1 .000 
p =0.779 
p = 0.779 
p = 0.285 
p =0.285 
p = 0.285 
p = 0.285 
p = 0.678 
p = 0.3 14  
p = 0.678 
p = 0.3 14  
p = 0.006** 
p -0.006** 
.... _ f\ nnn•• 
combination A l b  LL.:J .llJ.U IW.:J ll /-4LIJ) l l U.L 1 0  LL.� -'L.� Y+.� \ I.:>· .>O.> J 0.) . .) I U  V ., I p - V,JU7 
combination B 1 6  22.5 36.0 1 90.5 ( 1 7-526) 1 35.2 1 6  22.5 32.5 54.5 ( 1 3-465) 96.0 16  0 9 7 p = 0.501 
combination C 1 6  22.5 36.0 1 90.5 ( 1 7-426) 1 1 0.2 1 6  22.5 32.5 1 57.5 ( 1 3-365) 1 0 1 .6 1 6  0 9 7 p =0.756 
combination D 1 6  22.5 36.0 1 90.5 ( 1 7-626) 1 60.2 1 6  22.5 32.5 1 73.0 ( 1 3-565) 1 26.8 1 6  0 9 7 p = 0.679 
secondary arthrodesis 
combination A 26 57.0 2 1 7.5 3 1 8.0 (48-426) 201 .5 26 27.3 32.5 53.8 ( 1 3-43 1 )  75.2 26 I 22 3 p= 0.001 ° 
combination B 26 57.0 265.5 392.0 (48-526) 251 .5 26 27.3 32.5 53.8 ( 1 3-53 1 )  90.6 26 I 22 3 p =0.001 ° 
combination C 26 1 55.5 2 1 7.5 3 1 8.0 (48-426) 229.6 26 27.3 32.5 66.5 ( 1 3-43 1 )  86.4 26 I 22 3 p = 0.001 ° 
combination D 26 1 51 .0 327.5 492.0 (48-626) 329.6 26 27.3 32.5 66.5 ( 1 3-63 1 )  1 1 7.2 26 I 22 3 p =0.00 1 •• 
postprimary arthrodesis modified 
combination A 23 37.0 49.0 225.8 (24-424) 146. 1 23 22.0 28.8 32.8 ( 1 5-300) 54.0 23 I 1 6  6 p = 0.0 14* 
combination B 23 37.0 49.0 307.0 (24-524) 1 76.5 23 22.0 28.8 32.8 ( 1 5-400) 67. 1 23 I 1 6  6 p =0.0 14* 
combination C 23 37.0 56.5 225.8 (24-424) 1 52.4 23 22.0 28.8 32.8 ( 1 5-300) 60.4 23 I 1 6  6 p =0.01 2* 
combination D 23 37.0 56.5 370.5 (24-624) 2 1 3.3 23 22.0 28.8 32.2 ( 1 5  500) 86.5 23 I 1 6  6 p =0.0 1 6* 
secondary arthrodesis modified 
combination A 26 25.5 1 35.5 242.5 ( 6-396) 147.9 26 27.3 32.5 53.8 ( 1 3-43 1 )  75.2 26 0 1 6  1 0  p =0.042* 
combination B 26 25.5 1 92.5 342.5 ( 6-496) 1 97.9 26 27.3 32.5 53.8 (I 3-53 1 ) 90.6 26 0 1 6  1 0  p = 0.036* 
combination C 26 95.0 1 66.0 242.5 ( 1 5-396) 1 76.0 26 27.3 32.5 66.5 ( 1 3-43 1 )  86.4 26 0 1 6  1 0  p = 0.0 1 2* 
combination D 26 1 25.0 223.0 442.5 ( 1 5-596) 276.0 26 27.3 32.5 66.5 ( 1 3-63 1 )  1 1 7.2 26 0 1 6  1 0  p =0,009** 
For the legend see Table XI, for a description of the different estimations see p. 60. 
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consideration after a modified procedure for defining the period of unfitness to 
work, i.e. the time-interval between arthrodesis and the moment of recovery 
(modified procedure). 
First of all, the difference in the actual period of unfitness to work between the 
primarily treated experimental group and the control groups is tested (table XI). 
This is only possible for groups I and II because the actual period until work is 
resumed is known for these groups. The difference in the period of unfitness to 
work can only be tested if both partners of a matched pair have resumed their 
work. From this table it is apparent that the patients from the operative group 
have a significantly longer period of unfitness to work than the conservative 
(control) group. By studying the different experimental groups it is clear that 
patients who are treated by postprimary arthrodesis recover much later than 
their conservatively treated control partners. Even if the time between arthrodesis 
and the moment of recovery (modified procedure) is taken as the period ofunfitness 
to work the differences from the control group remain significant. If the results of 
the modified postprimary arthrodesis group are also included in the primary 
operative group then the differences from the control group still remain significant. 
In table XII the influence of the four estimations on the results of testing the 
hypothesis are studied. These estimations are applicable to all persons of the 
experimental and control groups. Therefore this also applies to those who have 
not returned to work during the period of the follow-up study (group III), and 
those in whom after a year from the injury, no further information about the 
period of unfitness to work was known (group IV) and where no more information 
about the period of unfitness to work was available after one year following 
the injury. It is noticeable that the significance of the difference in the period of 
unfitness to work between the experimental groups and the control groups to 
which the estimations have been added do not differ from those of the real period 
of unfitness to work and, that the different estimations do not influence the 
direction of the testing of the hypothesis. It is also noticeable that, if in both the 
postprimary and the secondary arthrodesis group the time between injury and 
arthrodesis is deducted, there still remains a significant difference in the period of 
unfitness to work. 
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DISCUSSION 
From the study of the literature in chapter III it is apparent that there is controversy 
with regard to the treatment of fractures of the calcaneus. One of the tendencies 
of the last decennia is that the conservative method of treatment should be 
preferred instead of the operative treatment in view of the better results. This 
more generally applicable and apparently good alternative for the operative way 
of treatment seemed interesting enough to examine. 
In order to carry out such a study two conditions must be fulfilled. There must be 
sufficiently large groups of patients available with calcaneus fractures treated in 
different ways which, however, are comparable on the relevant criteria. 
The patient groups who fulfill the above-mentioned conditions can be created 
if the population from which a selection can be made is sufficiently large. Besides 
this, there must be a good criterion available in order to assess the results of 
treatment. 
From a study of the literature it appeared that very few comparative studies 
have been made of the results of the different methods of treatment of calcaneus 
fractures, whilst the studies that have been made43• so. 1 73• 2 1 3 • 233,  236• 330 336, 363 
did not appear to fulfill the above-mentioned conditions. Comparative studies of 
the treatment of calcaneus fractures are, however, hindered by the relatively low 
incidence of calcaneus fractures, as a result of which it is difficult to create 
sufficiently large groups of people treated in different ways. In the literature it would 
seem that little more has been done than to place the results of the treatment of 
calcaneus fractures side by side using incomparable therapy groups with regard to 
parameters such as age, sex, workload on the foot, open/closed fracture, the 
incidence of other lesions and the moment of the accident. One can derive the 
comparative literature into one of the following three methods of selection with 
regard to the type of fracture and the incidence of concomitant lesions : 
a. No selection with regard to the type of fracture and insufficient233• 336 or 
no50• 1 73• 363 selection regarding other lesions. 
b. Selection of intra-articular calcaneus fractures, but no selection with regard to 
concomitant lesions233• 3 30• 
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c. Selection with regard to displaced intra-articular calcaneus fractures but 
insufficient236 or no43 selection with regard to other lesions. 
Besides this, it is noticeable that many workers carry out extensive studies into 
both somatic (restdeformities, swelling etc.) and psycho-social characteristics 
(subjective aspects, psycho-social rehabilitation etc.) but that in assessing the 
final result use was made of the resumption of work as the only43• 2 1 3• 336 or as the 
only important criterion50• 236• 330• 363 without defining this criterion sufficiently 
sharply. 
For purposes of this study patients were selected from the information obtained 
from the GAK. In order to avoid the disturbing and complicating influence 
of other injuries, such as the bilateral calcaneus fracture and other fractures, 
on the results of treatment, the study was limited to patients with an isolated 
unilateral calcaneus fracture. A first screening of the available data of the GAK 
showed that a total population of 823 patients remained. Because the controversy 
operative versus conservative treatment generally has reference to displaced 
intra-articular calcaneus fractures, these fractures were selected out of the group 
of 823 patients. As a result 372 patients remained. Then only patients under the 
age of 60 years were selected so that finally a total patient population of 341 
patients remained. Other criteria which can have influence on the results of treat­
ment and upon which the study groups must be comparable, are fracture classifi­
cation, age, sex, workload on the foot, open and closed fractures and the year 
of the fracture. The study groups are made comparable upon these criteria by 
using the matching procedure as described in chapter V. 
The criterion used for assessing the results of treatment in this study is the 
period of unfitness to work, i.e. the time-interval between injury and the resump­
tion of work. In this case resumption of work was defined as either the time at 
which the patient completely returns to work within one year following the 
injury or, after that year, at the time at which he was able to earn more than 85 % 
of his old income in his own work or other work, in both instances for a minimum 
period of one month. In patients who did not return to work within the period 
of the retrospective study and in patients in whom a year had elapsed after the 
injury and where information about the resumption of work was no longer 
available, the unfitness to work was estimated in different ways according to the 
procedure described for measuring the duration ofunfitness to work in chapter V. 
As a result 50 pairs of patients were obtained in which both partners were 
treated differently, one by operation and the other conservatively, but who were 
further as far as possible comparable on the relevant criteria. In this population 
of 50 pairs it was possible to confirm the formulated hypothesis : 
in patients suffering from footinjuries involving an intra-articular fracture of the 
calcaneus, the nature of the recovery process is such that those treated conservatively 
are able to resume their work more quickly than those treated operatively. 
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The hypothesis is concerned with the primary treatment and is limited to the 
two principal groups -operative and conservative- because of the differences in 
the methods of treatment. This division is justified by the fundamental difference 
inherent in both methods in, for example, the attitude of the surgeon with regard 
to the injury, hospitalisation and duration of treatment, the extensiveness and 
lastly, the side-effects of therapy. 
Subdivision of the primary conservatively treated group was not possible 
because in the available material essentially different conservative regimens 
could not be differentiated with enough certainty. Division of the group primarily 
treated by operation raised the objection that the so formed sub-groups were 
too small to express an opinion about the results. 
In order to find out if it was possible to give an opinion in some of the sub­
groups a statistical power-analysis was carried out for all sub-groups for the sake 
of completeness. The power gives the chance of correctly confirming the hypo­
thesis. Use was made of the information published by COHEN* as applied by 
ELSTROD and MELLENBERG** .  
Taking a minimal value for the power of 80 % and a 5 ° 0 level of signif­
icance for the Wilcoxon testing in order to show a small, medium or large 
effect (about 55 respectively 65 and 75 % of the matched pairs showing a dif­
ference in the desired direction), the sample size must be 3 10 for respectively 
50 and 20 persons in order to show this effect. From table VII it appears that 
only the total operative group is big enough to show both a medium and a large 
effect, the postprimary and secondary group are only big enough to show a 
large effect, whilst the other groups (instrumental reduction, open reduction, 
primary arthrodesis, and traction) are even too small to show a large effect. 
A significantly longer healing period, by comparison with the conservatively 
treated control group, was found in the total operative group and in the sub­
groups postprimary arthrodesis and secondary arthrodesis with their modified 
variants. The poor result of operative treatment compared to conservative 
treatment could be explained by one or more of the following factors: 
- An operation causes damage to soft tissues, while residual complaints after a 
calcaneusfracture are contributed to the effects of soft tissue trauma. The 
argument for an operative procedure lies in the aspiration to obtain an ana­
tomical reduction. Unfortunately an anatomical reduction usually cannot 
be obtained as a result of which the argument supporting an operative procedure 
is in fact not upheld in most cases. 
• COHEN J. The statistical power of abnormal-social-psychological research. A review. J. Abn. 
Soc. Psych. 1 962, 65: 145- 1 53. 
** ELSTROD M, MELLENBERG GJ. Een minus de vergeten fout. Ned. Tijdschr. Psych. 1 978, 33 : 
33-79. 
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The degree of extensiveness and the duration of the operative treatment 
generally put a strong emphasis on the injury through which, for example, a 
stronger association may occur with the role of being ill. In turn this stronger 
association with the r6le of being ill may have an obstructive effect on the 
return to work* 
The group of patients treated by postprimary arthrodesis is sufficiently large and 
shows, independently matched, a definitely longer period to healing than the 
conservatively treated control group. In this group the above-mentioned assump­
tion about the poor results of the group primarily treated by operation holds true 
to a strong degree for there exists a threefold trauma: I. the trauma resulting 
from the injury, 2. the trauma caused by the reduction after about two weeks 
and 3. the trauma due to arthrodesis after 6-8 weeks. These all produce unfavour­
able conditions in the soft tissues. Moreover, the extensiveness and the duration 
of the treatment clearly increase the chance of fixation on the role of being ill. 
In postprimary arthrodesis as well as in primary arthrodesis the complaints 
that are to be expected from the damaged joint surfaces are anticipated and these 
would make an arthrodesis necessary in due course. In support of this last assump­
tion, however, no valid arguments have been published. 
The poor results of secondary arthrodesis are not unexpected, for this operation 
is only carried out if the final result of the previous treatment has not come up to 
expectations. According to the literature, the indication for secondary arthrodesis 
is rather disputable. The time at which the final result of primary treatment can be 
assessed is difficult to determine because an improvement in the complaints 
can occur many years after injury236• 295 · 330• Moreover, this also raised the 
question as to whether the expectation with regard to the secondary arthrodesis is 
realistic, particularly as this seldom improves the result of previous treatment (see 
(see p. 35). 
The assumption previously made is that the poor results of the operative 
treatment can be attributed to both psychological causes (fixation on the role 
of being ill as a result of the extensiveness and duration of the treatment) and 
somatic causes (repeated trauma of the tissues). From this study this assumption 
cannot be proved because the plan of the study was not directed to this aspect. 
It could, however, be shown that in the postprimary and secondary arthrodesis 
group a significant difference remains compaired with the conservatively treated 
control group, even when the time interval between the moment of the injury 
and the arthrodesis is deducted from the period until recovery. 
Primary and postprimary arthrodesis is defended by stating that it is predictable 
which type of fracture will later on require arthrodesis. Apart from the fracture 
type no criteria are given on which this prediction can be based. From this study 
• WIERSMA D. Personal Communication, 1 98 I .  
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it appears that from the match variables examined (fracture classification, age, 
sex, workload on the foot, open and closed fracture, and year of the fracture) 
as criteria no prediction can be made as to which patients will later require a 
secondary arthrodesis, because, in patients who have been treated in such a way, 
conservatively treated partners who are comparable on the matching variables 
and who are also recovered significantly earlier, can be selected at random. 
The following conclusions can be drawn from this study : 
1 .  The routine operative treatment of displaced intra-articular calcaneus fractures 
generally lengthens the duration of the healing process. As a result it follows 
that as a routine method conservative treatment is preferable to operative 
treatment. 
2. There probably exists no indication for secondary arthrodesis and this also 
holds true for primary and postprimary arthrodesis. 
Operative treatment of displaced intra-articular calcaneus fractures is probably 
only indicated if reduction can be achieved and if the advantages of this outweight 
the extra soft tissue damage. This is possible the case in certain calcaneus fractures 
with verticalisation in which there are few fragments but where great displacement 
is present. In this case the condition is that an exercise stable osteosynthesis is 




In 823 patients with a displaced calcaneus fracture a study was carried out to assess 
the difference in the duration until recovery between those patients who were 
treated by operation and those who were treated conservatively. 
This was preceded by a study of the literature in which the accent was placed 
on the various types of calcaneus fractures regarding fracture mechanism, 
epidemiology, diagnostics and symptomatology as well as the different methods 
of treatment (chapters II to IV). 
The classification that has been used in this study is a modification from LINDSA y 
and 0EWAR's2 3 6 . 
The classification is as follows : 
I. extra-articular ji-acture without displacement 
II. extra-articular ji-acture with displacement 
III. intra-articularji-acture without displacement 
IV. intra-articularji-acture with moderate displacement 
V. intra-articular ji-acture with severe displacement 
The differentiation between categories IV and V was made with use of a ceiling line 
(chapter II). The intra-articular calcaneus fracture is more frequently seen than 
the extra-articular calcaneus fracture. The most common intra-articular fracture 
with displacement is the crush fracture, whilst fracture-dislocation occurs less 
frequently and is discussed as a separate type. 
The fracture mechanism of the crush fracture is discussed on the basis of the 
shearing forces and compression forces that occur as a result of the weight of the 
body and the reaction forces from the surface during the impact. The possible 
role of the flex or hallucis longus -the tendon of which runs under the sustentaculum 
tali- in the fracture mechanism is discussed. 
Following this the epidemiology, the diagnostics, symptomatology and the 
different methods of treatment are discussed. In fracture-dislocation no comminu­
tion of the fracture fragment occurs, but it is forced into varus and is displaced 
laterally along the talus as far as the lateral malleolus. A position of varus of the 
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calcaneus in relation to the surface during the impact is possibly of importance 
in the aetiology of this type of fracture ( chapter I II). 
The term extra-articular fracture of the calcaneus is traditionally reserved 
for fractures in which the art. subtalaris is undamaged. The four types of extra­
articular calcaneus fracture that can be distinguished are : 
- fracture of the sustentaculum tali 
- fracture of the processus anterior 
- fracture of the tuber calcanei 
- stress fracture of the calcaneus. 
For aJl these types the fracture mechanism, the epidemiology, the diagnostics 
and symptomatology as well as the different methods of treatment are discussed 
(chapter IV). 
On the basis of the study of the literature the following hypothesis was formulated : 
in patients suffering from Joo/injuries involving an intra-articular fracture of the 
ca/caneus, the nature of the recovery process is such that those treated conservatively 
are able to resume their work more quickly than those treated operatively. 
This hypothesis was tested using well documented patient-information for the 
period 1 970-1975 obtained from the accident insurance services of the GAK (see 
p. 55). In order to obtain comparable patient material patients with an isolated 
unilateral calcaneus fracture were studied (823 patients). In this study most 
attention was given to isolated displaced intra-articular calcaneus fracture 
(category IV and V) because generally there exists agreement about the methods of 
treatment for extra-articular calcaneus fractures and non-displaced intra-articular 
calcaneus fractures. Because the period of unfitness to work was chosen as the 
criterion for the period until recovery, the study was restricted to patients under 60 
years of age. This resulted in a group of 341 patients under the age of 60 years with 
an isolated displaced intra-articular calcaneus fracture. From this group 50 patients 
were treated primarily by operation (instrumental reduction, 8 ;  open reduction, I O ;  
primary arthrodesis, 9 ;  post-primary arthrodesis, 23), 16 primarily with traction, 
and 275 primarily by conservative methods. At a later stage 26 of the 341 patients 
underwent a secondary arthrodesis. 
By means of a specifically developed computer programme a conservatively 
treated partner was selected for each patient treated by operation. The 6 variables 
on which the selection was made were the following : fracture classification, age, 
sex, workload on the foot, open/closed fracture and the year of the injury. As a 
result groups of pairs were formed in which one partner was treated by a particular 
operative method (an experimental group) and one partner conservatively 
(control group), in such a way that the partners are, as far as possible, identical 
on the six matching variables. The difference in the time until recovery, measured 
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in terms of the period of unfitness to work, was tested with the Wilcoxon matched­
pairs ranked-signs test3 5ci . The period of unfitness to work for all groups was 
defined as the time-interval between injury and the moment of recovery. In patients 
treated by postprimary arthrodesis and those in which a secondary arthrodesis was 
carried out, the period of unfitness to work was also defined as the time-interval 
between the operation and the moment of recovery (modified procedure). 
In the group of patients primarily treated by operation and in the subgroups 
treated by postprimary and secondary arthrodesis (normal and modified 
procedure) there appeared to be a significant difference in duration until recovery 
giving the advantage to the conservatively treated control group. By means of a 
statistical power analysis it was proved that the subgroups in which the individual 
differences were not significant were even too small to show a big difference. 
This study concludes that the operative treatment of patients with an isolated 
displaced intra-articular calcaneus fracture leads to a significantly longer period 
to recovery than is the case with conservative treatment. 
8 1  

SAMENV A TTING 
Bij 823 patienten met een geisoleerde calcaneusfractuur werd een onderzoek ver­
richt naar het verschil in herstelduur tussen hen die operatief en hen die conservatief 
behandeld waren. 
Hieraan ging een literatuurstudie vooraf waarin aandacht werd besteed aan 
fractuurmechanisme, epidemiologie, diagnostiek en sympatologie en de verschillen­
de wijzen van behandeling van de diverse typen calcaneusfracturen. (Hoofdstuk II  
t/m IV). 
De classificatie die in dit onderzoek werd gebruikt, is een modificatie van die van 
LINDSAY and DEWAR236 . 
De classificatie luidt als volgt: 
I. extra-articulaire fractuur zonder dislocatie. 
II. extra-articulaire fractuur met dislocatie. 
III. intra-articu/aire fractuur zonder dislocatie. 
IV. intra-articulaire fractuur met matige dis/ocatie. 
V. intra-articulaire fractuur met sterke dislocatie. 
Het onderscheid tussen de categorieen IV en V werd gemaakt met behulp van de 
plafondlijn (hoofdstuk II). De intra-articulaire calcaneusfractuur komt vaker 
voor dan de extra-articulaire calcaneusfractuur. De meest voorkomende intra­
articulaire fractuur is de compressiefractuur, terwijl de luxatiefractuur zeldzamer 
is en als een aparte vorm wordt besproken. 
Het fractuurmechanisme van de compressiefractuur wordt besproken aan de 
hand van de scheerkrachten en comprimerende krachten die ontstaan door bet 
lichaamsgewicht en de reactiekracht vanuit bet grondvlak tijdens het bodem­
contact. Verder wordt de mogelijke rol van de m. flexor hallucis longus, waarvan de 
pees onder het sustentaculum tali doorloopt, bij het fractuurmechanisme bespro­
ken. 
Hiema worden de epidemiologie, de diagnostiek en symptomatologie en 
de verschillende wijzen van behandeling besproken. Bij de luxatiefractuur treedt 
geen verbrijzeling van een breukfragment op, maar wordt een breukfragment 
in varus gedwongen en lateraal langs de talus tot onder de malleolus lateralis 
gedisloceerd. Een varusstand van de calcaneus ten opzichte van bet grondvlak 
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tijdens het bodemcontact is mogelijk van invloed bij de totstandkoming van <lit 
fractuurtype (hoofdstuk III). 
De term extra-articulaire fractuur van de calcaneus wordt traditioneel gereser­
veerd voor fracturen waarbij de art. subtalaris ongeschonden is. De vier typen extra­
articulaire calcaneusfractuur die kunnen warden onderscheiden zijn : 
- fractuur van bet sustentaculum tali 
- fractuur van de processus anterior 
- fractuur van bet tuber calcanei 
- vermoeidheidsfractuur van de calcaneus. 
Van deze typen fractuur worden het fractuurmechanisme, de epidemiologie, de 
diagnostiek en symptomatologie, en de verschillende wijzen van behandeling 
besproken (hoofdstuk IV). 
Op grand van het literatuuronderzoek werd de volgende hypothese geformuleerd : 
bij patienten met een voetletsel dat gepaard gaat met een intra-articulaire ca/caneus­
fractuur, is het genezingsproces zodanig, dat patienten die conservatiefzijn behande/d 
snel/er het werk hervatten dan patient en die operatief z ijn behande/d. 
Deze hypothese werd getoetst aan de hand van de goed gedocumenteerde 
patientengegevens over de periode 1970 1975 van de ongevalsverzekerings­
geneeskundige dienst van het GAK (zie pag. 55). Om vergelijkbaar 
patientenmateriaal te verkrijgen, werd uitgegaan van de patienten met een 
ge"isoleerde unilaterale calcaneusfractuur (823 patienten). Omdat bij de extra­
articulaire calcaneusfracturen en de niet gedisloceerde intra-articulaire 
calcaneusfractuur over bet algemeen eenduidigheid over de wijze van behandelen 
bestaat, werd het onderzoek gericht op de ge"isoleerde gedisloceerde intra-articulaire 
calcaneusfractuur (categorie IV en V). Omdat de arbeidsongeschiktheidsduur werd 
gekozen als maat voor de herstelduur, werd bet onderzoek beperkt tot patienten 
jonger dan 60 jaar. Hierdoor resteerden uiteindelijk 341 patienten jonger dan 60 
jaar, met een geisoleerde gedisloceerde intra-articulaire calcaneusfractuur. Uit deze 
groep waren 50 patienten primair operatief behandeld (instrumentele repositie, 8; 
open repositie, I O; primaire arthrodese, 9; post-primaire arthrodese 23), 16 primair 
met tractie en 275 primair conservatief. Bij 26 van de 341 patienten werd in een later 
stadium een secundaire arthrodese verricht. 
Met behulp van een daartoe ontwikkeld computerprogramma werd bij elke 
operatief behandelde patient een conservatief behandelde partner geselecteerd. 
De 6 variabelen waarop werd geselecteerd, waren : fractuurclassificatie, leeftijd, 
geslacht, voetbelasting van bet werk, open/gesloten fractuur en jaar van bet 
ongeval. Hierdoor ontstonden groepen van paren waarvan I partner op een 
bepaalde operatieve wijze (experimentele groep) en I partner op conservatieve 
wijze (controle groep) was behandeld, zodanig <lat er zoveel mogelijk overeen-
84 
komst bestond tussen beide partners op de 6 selectievariabelen. Het verschil in 
herstelduur, gemeten als arbeidsongeschiktheidsduur, werd getoetst met de Wil­
coxon toets voor gepaarde waarnemingen359. De arbeidsongeschiktheidsduur van 
alle groepen werd gedefinieerd als het tijdsinterval tussen ongeval en moment van 
herstel. Bij de postprimaire arthrodese en bij de patienten waarbij secundaire 
arthrodese werd verricht, werd bovendien het tijdsinterval tussen operatie en 
moment van herstel gemeten (gemodificeerde procedure). 
Bij de groep van primair operatief behandelde patienten en bij de subgroepen 
postprimaire en secundaire arthrodese (normale en gemodificeerde procedure) 
bleek er een significant verschil in herstelduur te bestaan ten voordele van de 
conservatief behandelde controlegroep. Met behulp van een statistische power­
analyse werd aangetoond dat de subgroepen waarbij de verschillen niet significant 
waren, zelfs nog te klein waren om een groot verschil aan te tonen. 
De conclusie van het onderzoek luidt dat de operatieve behandeling van patienten 
met een geisoleerde gedisloceerde intra-articulaire calcaneusfractuur tot een signifi­
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